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1. SCOPE. 


a. This manual is published for the information and guidance of 
ordnance maintenance personnel. It contains detailed instructions sup- 
plementary to those in the field and technical manuals prepared for 
the using arms for inspection, disassembly, assembly, maintenance, and 
repair of the electric traverse оп M4 series tanks. Additional descrip- 
tive matter and illustrations are included to aid in providing a complete 
working knowledge of the materiel. 


2. ARRANGEMENT OF MANUAL. 


a. The over-all description of the purpose and operation of the 
complete traverse is given in section II. Ordnance inspection and trouble 
shooting procedures are given in section III (in the vehicle) and 
section IV (in the shop). The best procedure, when possible, is to 
isolate troubles by components before removing the traverse from the 
vehicle. Service operations which can be done by the using arms are 
given in the operator's manual for the specific tank, and are not re- 
-peated in this manual. The complete overhaul for each component is 
given in a separate section (sections V through VIII). Included in the 
section for each component are: description, óperating specifications, 
echelon breakdown of maintenance, removal from vehicle, inspection 
and tests before disassembly, disassembly, inspection and repair, as- 
sembly, tests before installation, trouble diagnosis chart, and installation 
in the vehicle. Illustrations and specifications for special tools and 
equipment are given in section IX, instructions for packing, shipping, 
and storage in section X, references in section XI. 


3. NATURE OF MATERIAL. 


a. The information necessary for the operation of the traverse and 
its maintenance by first and second echelon personnel is contained in 
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operator's manual for the specific tank. Equipment recommended has 
been kept as simple and standard as possible. Because of the close 
tolerances and selective assembly necessary, however, a number of 
special jigs are required. These are described in section IX. No attempt 
should be made to service the electric traverse equipment without the 
necessary tools and a knowledge of the correct limits, specifications, 
parts, and procedures. 


TM 9-1731E 
4—6 


ORDNANCE MAINTENANCE — ELECTRIC TRAVERSING MECHANISM 
FOR MEDIUM TANKS M4 AND MODIFICATIONS 


Section ІІ 


DESCRIPTION OF OPERATION 
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4. PURPOSE. 


a. The purpose of the electric traverse (fig. 1) is to rotate the turret 
in either direction at required speeds up to four revolutions of the turret 
per minute, and to stop or hold the gun on the target. 


5. MODEL SPECIFICATIONS. 


a. 'This manual covers ordnance maintenance on two electric tra- 
verse models, style No. 1231700 and style No. 1234375. Their differences 
are as follows: 

(1) STYLE No. 1231700. On the original style No. 1231700, the 
handwheel (fig. 48) mounts on a detachable hub (fig. 49), which fits 
over a long worm shaft (fig. 56). The gear ratio between handwheel 
and turret ring gear in electrical operation is 72 to 1. There are six 
contacts in the commander's switch and two leads on the silverstat 
control. The wiring diagram and chart for this model are shown in 
figures 13 and 15. 

(2) STYLE No. 1234375. On style No. 1234375, the later model, 
the handwheel (fig. 48) is mounted on the stud of the hub gear (fig. 49) 
and a shorter worm shaft (fig. 56) is used. The gear ratio between 
handwheel and turret drive gear in electrical operation is 100 to 1. 
This change in ratio is produced by reducing the teeth in the hub 
gear from 36 to 26. There are four instead of six contacts in the com- 
mander's switch, and three in place of two leads on the silverstat 
control. The wiring has been simplified (figs. 14 and 16). 


6. PRINCIPLES OF OPERATION. 


a. Manual (figs. 2 and 3). In manual operation, the locking arm of 
the lock lever is seated in the groove next to the handwheel. The hand- 
wheel tongue engages the worm shaft groove directly. The worm shaft 
engages the clutch worm wheel which is connected to the turret drive 
gear through the clutch housing. Turning the handwheel, therefore, 
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Figure 2 — Drive Motor and Gear Box with Handwheel Removed 
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Figure 3 — Gear Train for Manual Operation 


turns the worm shaft, clutch housing, turret drive gear (which engages 
the turret ring gear), and the turret. The ratio between handwheel and 
turret ring gear is 464 to 1. 


b. Power (Electrical) Operation. 

(1) In electrical operation, the worm shaft is driven by the drive 
motor, which receives its power from the motor generator. Use is made 
of the Ward Leonard system, whereby the speed of a motor is con- 
trolled by varying the strength of the field in the supplying generator. 
The schematic diagram (figs. 4 and 5) shows that the armatures of 
the generator and drive motor are connected. Also, the field of the drive 
motor is constantly excited by the 24-volt battery supply. Since the 
generator armature, being directly connected to the motor generator 
motor, is running all the time the motor generator is running, the only 
other condition required to turn the drive motor is an energized gen- 
erator field. The generator actually has two fields wound opposite to 
one another, and current is produced in one direction or another, de- 
pending on which field is energized. As one side of each field is con- 
nected to the battery, grounding the other side energizes it. 
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(2) Grounding is accomplished in two ways, directly through the 
gunner’s or commander’s switch, or by means of resistors in Ше silverstat 
control. An interlocking system is in effect, whereby operating the gun- 
ner's switch interrupts the circuit to the silverstat control, and operating 
the commander’s switch interrupts the circuit to both gunner’s switch 
and silverstat control. The direct ground accomplished by operating 
either switch fully energizes the field, turning the drive motor and the 
turret at full speed. Grounding through the silverstat control varies field 
strength depending on the number of silverstat leaves closed, and, 
therefore, regulates the speed of the drive motor. This is the position 
regulation feature which permits small angular movements of the turret 
through use of the handwheel. Each silverstat leaf is connected to a 
resistor in the generator field circuit. The resistance varies from 218 to 
0.9 ohms, with the largest value connected to the silverstat leaf first 
closed (fig. 6). 

(3) When engaged for electrical operation, the locking arm of the 
lock lever is seated in the hub groove next to the gear box; that is, 
the wheel is pulled out toward the operator (fig. 2). Movements of the 

"handwheel are transmitted to the differential bevel gear through the 
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Figure 6 — Silverstat Resistors 
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following train of gears: hub gear, idler gear, flange spur gear, flange 
bevel gear, and differential bevel gear (fig. 7). When the differential 
bevel gear turns, it turns the roller with it. Since the tapered shaft presses 
against the roller, the tapered shaft moves with the roller. When the 
tapered shaft turns, it carries with it the gyro in the gyro compartment 
of the gear box. By means of the spacer attached to the bottom of the 
gyro motor, this action closes leaves on one side of the silverstat control. 
When this is done, current flows through the generator field connected 
with that side of the circuit. Current is then produced by the generator 
and transmitted to the drive motor, which revolves and drives the worm 
shaft. The worm shaft transmits its motion to the clutch worm wheel 
and the differential worm wheel. The clutch worm wheel turns the 
turret drive gear and movement of the turret results. The differential 
worm wheel acts upon the roller in a direction opposite to that imparted 
by the differential bevel gear. Position of the roller, therefore, is the 
resultant of two motions: a motion in one direction produced by action 
of the handwheel, and an opposing motion set up by the drive motor. 
Turning the handwheel faster closes more leaves on the silverstat con- 
trol, sends more current through the generator field, causes the gen- 
erator to increase its output, turns the drive motor faster, and speeds 
up the turret, and causes the motion of the differential worm wheel to 
more strongly oppose the motion of the roller. The speed of the turret, 
therefore, is proportional to the speed with which the handwheel is 
turned. When the handwheel stops, the motion of the differential worm 
wheel returns the roller and the gyro spacer to neutral, stopping the 
motor. 


(4) The stops on top of the tapered shaft limit its travel and pro- 
tect the silverstat control. With the tapered shaft against either stop, 
the roller slips around the taper on the tapered shaft. This condition 
occurs when the gunner's and commander's switches are used, or during 
manual operation. 


(5) The purpose of the gyro motor is to anticipate movement of 
the handwheel and provide smooth operation of the turret. Moving the 
gyro bracket by means of the handwheel causes the gyro to move at 
right angles to the movement of the bracket. This movement of the 
gyro at right angles to the direction of the torque is called precession. 
The gyro is designed so that precession will move the spacer in the 
direction the movement of the tapered shaft alone would produce. The 
initial movement of the handwheel, transmitted to the gyro bracket, is 
anticipated by the gyro, which precesses upon the application of torque 
and closes leaves sooner than would otherwise be the case. 


(6) Similarly, should the drive motor reach too high a speed and 
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Figure 7 — Gear Train for Power Operation 
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overcome the influence of the handwheel on the roller, causing the gyro 
to turn back toward neutral, precession in the opposite direction opens 
leaves on the silverstat control and hastens the slowing down of the 
drive motor. This action, which continues in some degree as long as 
the handwheel is being turned, has the effect of bringing the drive 
motor into synchronism with the handwheel, giving a regular,even move- 
ment of the turret at whatever speed the wheel is turned. Without this 
feature the turret would move in a series of slight jerks. 


с. High-Speed Switches. 

(1) Two high-speed, two-way switches are provided; one for the 
gunner, one for the commander. The gunner’s switch takes precedence 
over the handwheel in power operation, and the commander’s switch 
takes precedence over the gunner’s switch and the handwheel in power 
operation. 

(2) The gunner’s switch (figs. 1 and 2) enables the gunner to 
change from one target to another with maximum speed and minimum 
effort. After the gun has been brought close to the target with the high 
speed switch, the gunner should use the handwheel for final exact 
aiming and tracking the target. 

(3) The commander’s switch (fig. 8) enables the commander to 
take over control of the turret when he wishes the gunner to shift the 
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Figure 8 — Commander's Switch Installed 
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7. STARTING THE EQUIPMENT. 


a. Cautions. 

(1) Be sure the driver's and assistant driver's hatches are closed 
to prevent hitting the hatches or the drivers with the 75-mm. gun. 

(2) Free the turret by turning the wheel of the turret clamp to the 
right, or clockwise, all the way (fig. 1). This disengages the teeth of 
the clamp from the teeth of the ring gear. 

(3) Always traverse the turret manually before using the electric 
traverse to be sure the turret is free. 

(4) When traversing mechanism is not in use, lock the turret by 
turning the clamp wheel counterclockwise. 


b. Manual Operation. To operate the turret manually, depress the 
locking lever (fig. 2) and push the handwheel forward, turning it 
slightly, if necessary, to engage it with the worm shaft. The lock lever 
locking arm will seat in the hub groove next to the handwheel in 
manual position. Rotating the handwheel will now turn the turret. 


c. Power Operation. 

(1) To operate the traverse with power, depress lock lever and 
pull the handwheel out until the locking arm seats in the hub groove 
next to the gear box (fig. 2). 

(2) Start the motor generator by turning the turret switch “ON” 
(fig. 1). 

(3) For tracking targets, rotate the turret by turning the handwheel 
in the desired direction, clockwise for right-hand rotation and counter- 
clockwise for left-hand rotation. Traversing speed is in direct proportion 
to the speed with which the handwheel is turned. 

(4) For changing at maximum speed from one target to another, 
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either the gunner’s or commander's two-way switch, descrized in рага- 
graph 6 с, may be used. 


8. INSPECTION IN THE VEHICLE. 

a. Check the complete traverse in the vehicle whenever the tank 
is given a complete overhaul. When possible, check any unit reported 
defective before removing it from the tank. This will prevent removing 
units which are not defective and, in most cases, will locate the source 
of trouble without requiring extensive special test equipment. Check 
the equipment as follows. See references given for proper corrective 
procedure and Trouble Diagnosis Chart (par. 10) for probable causes 
and remedies of various malfunctions. 


b. Equipment. 


BAR, square, ¥-in. RULE, 6-in. 
BRUSH, camel’s hair SCREWDRIVER, 8-in. 
CHALK, or paint SOLVENT, dry-cleaning 
CLOTH, wiping, cotton STRAIGHTEDGE, 12-in. 
GAGE, feeler WATCH, with second hand 
GREASE, general purpose, WRENCH, box, 34-in. 

No. 1 (and No. 0) WRENCH, socket, 34-in., 
OIL, lubricating, engine, with 8-in. extension 

SAE 30 


с. Procedure. 

(1) CHECK THE MESH BETWEEN THE TRAVERSE DRIVE GEAR AND 
THE TURRET RING GEAR WHILE MAKING ONE COMPLETE REVOLUTION 
OF THE TURRET WITH THE HANDWHEEL IN MANUAL OPERATION. 

GAGE, feeler : WRENCH, socket, 34-in., with 
8-in. extension 

Minimum clearance between traverse drive gear and turret ring gear 
is 0.002 inch at the tightest point (fig. 9). Rotate the turret a complete 
revolution in manual operation. Stop frequently to locate the point of 
minimum clearance. There must be no binding at minimum clearance, 
and satisfactory mesh at maximum clearance. To adjust clearance be- 
tween gears: remove horizontal mounting bolts and loosen vertical 
mounting bolts (34-in. socket wrench with 8-in. extension). Shim on 
horizontal mounting bolts as necessary. Shim equally under each bolt, 
if possible. Replace and tighten mounting bolts. 


(2) CHECK ANGULAR LAG BETWEEN THE HANDWHEEL AND THE 
'TURRET RING GEAR. 


RULE, 6-in. STRAIGHTEDGE, 12-in. 
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Figure 9 — Mesh Between Turret Ring Gear and Traverse Drive Gear 


Maximum lag of the handwheel in power and in manual operation is 
11⁄4 inches measured at the outside diameter of the handwheel. Turn 
handwheel in power position in one direction one-quarter. Place straight- 
edge over handwheel and parallel to gunner's switch. Mark handwheel 
along straightedge. Turn handwheel slowly in opposite direction until 
turret drive gear just begins to move. Replace straightedge in same 
position along gunner’s switch and again mark handwheel along straight- 
edge. Measure distance from first to second mark to determine lag. 
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Repeat this procedure for opposite rotation of handwheel and for rota- 
tion of handwheel in both directions in power operation. If 11⁄4-inch 
limit is exceeded, see Trouble Diagnosis Chart (par. 10) for probable 
causes and probable remedies. 


(3) Снеск TURRET SPEED. 
WATCH, with second hand 


With tank on level ground, operate turret with gunner’s or com- 
mander’s switch. Minimum speed is 4 revolutions per minute or one 
revolution in 15 seconds. If equipment fails to operate or does not 
operate at proper speed, see the Trouble Diagnosis Chart (par. 10) for 
probable causes and remedies of the trouble. Check speed in both 
directions with both gunner’s and commander’s switches. 


(4) CHECK LUBRICATION OF RING GEAR. 


GREASE, general purpose, GREASE, general purpose, 
No. 1 (above 32 Е) No.0 (32 Fto0F) 


Grease should be adequate but not dripping. If necessary, add grease 
while turning the turret one complete revolution. Three lubrication 
fittings are located around the ring gear. 


(5) CHECK VEHICLE BATTERY VOLTAGE WHICH MUST BE BETWEEN 
24 AND 28. 

If voltage is low, recharge with Homelite auxiliary generator as neces- 
sary. If voltage is too high, service on voltage regulators is necessary. 
See proper, manual for correct service procedure. 


(6) CHECK CLUTCH. 
CHALK, or paint 


Traverse the turret 45 degrees in either direction with gunner’s or 
commander’s switch. A gliding movement after the switch is released 
indicates a loose clutch. Rapid vibration of the turret when switch is 
released indicates a tight clutch. Adjust, if necessary, according to 
instructions in pertinent operator’s manual. Normal clutch slippage is 
from one to two teeth on the turret drive gear. This slippage may be 
accurately measured by marking clutch housing and turret drive gear, 
and observing displacement after operating turret in both directions as 
described above. 


(7) CHECK DISENGAGING SWITCH (figs. 2 and 62). 
RULE, 6-in. 
In manual operation the plunger should protrude no more than Zç 
inch. In electrical operation, the plunger should be as far out as it will 
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go and the lock lever disengaging arm adjusting screw should not touch 
it. The lock lever stop must be adjusted so the locking arm will clear 
the handwheel hub when changing from one type of operation to 
another. Set the lock lever stop first, then set the locking arm adjusting 
screw. 


(8) CHECK FOR OIL LEAKS ON GEAR Box (fi. 2). 
BRUSH, camel’s-hair SOLVENT, dry-cleaning 
SCREWDRIVER, 8-in. 


(a) Visually inspect oil seal around hub, which is self-lubricating. 
If oil drips, replace oil seal. (See proper reference in pertinent oper- 
ator’s manual.) 

(b) Check the front cover and side cover gaskets on the gear box. 
Tighten screws or replace gaskets, if necessary (8-in. screwdriver). 

(c) Remove front gyro cover and check for oil leaks around tapered 
shaft bearing and washer (8-in. screwdriver). If leaks аге: found, replace 
oil seals. Check silverstat for oil and grit on contact points; if any is 
found remove with BRUSH, camel's-hair, SOLVENT, dry-cleaning, and 
low pressure air. The motor-gear box must be removed from the vehicle 
and disassembled to replace oil seals (pars. 43-49). 


(9) CHECK OIL LEVEL IN GEAR Box (fig. 2). 
BAR, square, 3%-їп. WRENCH, box, 35-in. 
OIL, lubricating, engine, 
SAE 30 
Remove oil level plug (3-11. square bar апа 3%-їп. box wrench). 
Keep oil up to the level of this plug. To fill, remove filler plug and 
add oil as necessary (OIL, lubricating, engine, SAE 30). Replace filler 
and oil level plugs. 


(10) CHECK CLEANLINESS. 
CLOTH, wiping, cotton 


Remove all excess grease on turret ring gear. Remove dirt and grease 
from all exposed parts. Moving parts not protected from dust should be 
wiped daily. 


9. ELECTRICAL TESTS IN THE VEHICLE. 


a. Equipment. 


AMMETER, dc, 0 to 300 : :ale VOLTMETER, dc, 
АММЕТЕК, dc, 10-0-10 scale 300-0-300 scale 
CABLE, No. 1, insulated WIRE, No. 16, insulated 
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b. Procedure. 


Run this test with the tank on approximately level ground. Do not 
operate the stabilizer. Make sure that the stabilizer system has oil in it 
before starting motor generator set. Do not touch 220-volt connection 
when current is flowing. Connect 0-300 scale direct current ammeter 
between turret switch box and motor generator motor, disconnecting 
24-volt direct current supply cable and sending current through test 
circuit. Connect 10-0-10 scale direct current ammeter and 300-0-300 
scale direct current voltmeter into generator terminal box as follows 
(бе. 10): Untape Al and A2 joints (yellow and blue). Break А1 
(yellow) joint. Connect 10-0-10 scale direct current ammeter between 
the two yellow leads. Connect voltmeter to A2 (blue) joint and to A1 
(yellow) wire from motor generator. Take the following readings, first 
with the turret stationary, and then with the turret at full speed: bat- 
tery voltage (vehicle voltmeter), motor generator motor line amperes 
(0-300 scale dc ammeter), motor generator motor and generator arma- 
ture volts (300-0-300 scale dc voltmeter), and motor generator motor 
and generator armature amperes (10-0-10 scale dc ammeter). CAU- 
TION: Be sure to short out ammeters until equipment is up to speed. 
Run the motor generator one hour before taking readings. Run the 
Homelite auxiliary generator while running the traverse motor generator 
to prevent serious drain on the batteries. Satisfactory test limits are 
given in Table 1. 


TABLE I—ELECTRICAL TEST DATA WITH TRAVERSE 
IN VEHICLE 
Turret at Full 


Meter Speed (4 rpm)* Turret Stationary 


Vehicle Battery Voltage 24-28 24-28 
(Vehicle Voltmeter) 


Motor generator motor line amperes 65 to 75 22-30 


Traverse Motor and Generator 220 to 245 260 to 270 
Armature Volts 


Traverse Motor and Generator 3.8 to 4.8 
Armature Amperes 


*The turret speed must be 4 revolutions per minute with gunner’s or commander’s 
switch “ON.” 
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TO GEAR BOX А MOTOR- 


TERMINAL Вох“ уе гом) GENERATOR 


| ' [o] 
| 1. —TURRET 
GENERATOR = SWITCH BOX 
TERMINAL FUSE 125 AMPS OR 
BOX CIRCUIT BREAKER 
МОЛ INSULATED 
CABLE. 24VOLT 
МО. 16 INSUL- 
АТЕО WIRE D.C.SUPPLY. 


AMMETER SHORT- 
CIRCUITING SW. 


N D.C.VOLTMETER \ 
ОС.АММЕТЕВ _ 300-0-300 D.C.AMMETER 
020-10 AMPS. VOLTS 0-300 AMPS. 


RA PD 58222 
Figure 10 — Diagram for Testing Traverse Electrically in the Vehicle 
с. For a diagnosis of troubles, see Trouble Diagnosis Chart (par. 
10). 
10. TROUBLE DIAGNOSIS CHART. 
a. Motor Generator Will Not Run. 


Probable Cause Probable Remedy 

Tank battery low or dead. Repair or charge batteries as neces- 
sary. 

Open circuit. Using test lamp check circuits and 
repair as necessary. 

Defective motor brushes. Replace brushes. See proper pro- 
cedure in operator’s manual. 

Stabilizer oil pump frozen. Replace stabilizer oil pump. See 
proper procedure іп operator’s 
manual. 

Ground in electrical circuit. Test for grounds and repair as 
necessary. 

Short circuit. Test for short and repair as neces- 
sary. 


b. Motor Generator Operating at Excessive Speed. 
Line voltage too high. Notify ordnance personnel. 


20 


ТМ 9-1731Е 
10 


ORDNANCE INSPECTION AND TROUBLE SHOOTING IN TANKS 
(COMPLETE TRAVERSE) 


e. Motor Generator Motor Speed Too Slow. 


Probable Cause 


Shorted field. 

Defective bearings. 

Obstruction between armature 
and field. 


Defective brushes. 


Dirty commutator. 


Probable Remedy 

Replace field and frame (pars. 20 to 
25). 

Replace bearings (pars. 20 to 25). 

Remove obstruction. Check for dam- 
age to armature and field. Repair 
as necessary (pars. 20 to 25). 

Replace brushes (see proper refer- 
ence in operator’s manual). 

Clean commutator by touching very 
lightly with fine sandpaper (No. 
00), while the armature is rotat- 
ing. CAUTION: Do not touch 
commutator or electrical connec- 
tions when current is flowing. With 
a pen knife, remove ‘oil or dirt 
from between commutator bars. 
Be sure mica between bars is be- 
low the surface of commutator, 
Be careful not to scratch commu- 
tator. 


d. Excessive Motor Generator Line Amperes (Drive Motor Not 


Running). 


Bad bearings in motor generator. 


Excessive friction in stabilizer 
oil pump. 
Short circuit in electrical wiring. 


Remove motor generator from ve- 
hicle, test, and repair as necessary 
(pars. 21 to 26). 

Replace stabilizer oil pump. See pro- 
cedure in operator’s manual. 

Replace defective wiring. 


e. Motor Generator or Drive Motor Sparks Excessively. 


Foreign matter between commu- 
tator bars. 


Mica above surface of commu- 
tator. 


Commutator out of round. 


Clean between bars with pen knife. 
Be careful not to scratch com- 
mutator. 

Cut down mica, motor generator 
(раг. 24 b. (1) ), drive motor 
(par. 35 b. (2) ). 

Replace armature, motor generator 
(pars. 21 to 26), drive motor 
(pars. 32 to 37). 
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Proboble Couse Proboble Remedy 
Defective brushes. Replace brushes. See operator's man- 
ual for proper procedure. 


f. Motor Generator Is Noisy or Vibrates. 


Defective bearings. Replace bearings (pars. 21 to 26). 

Pole shoe scraping armature. Replace defective parts as necessary 
(pars. 21 to 26). 

Armature out of balance. Replace armature (pars. 21 to 26). 

Brushes not seated properly. Replace brushes. See operator’s man- 
ual for proper procedure. 

Commutator out of round. Replace armature (pars. 21 to 26). 

Motor operating at excessive Line voltage too high. Notify ord- 

speed. nance personnel. 
Bent shaft. Replace shaft (pars. 21 to 26). 


g. Motor Generator Smokes. 
Stabilizer oil pump packing too Loosen packing nut. See operator’s 


tight. manual for correct procedure. 
Short circuit. Replace defective part (pars. 21 to 
26) or wiring (par. 16). 
Lead disconnected. Connect lead. 
Turret locked. Loosen turret lock wheel. 


h. Drive Motor Rotates Slowly in One Direction Only when 
Switches Are in Neutral. Handwheel Usually Will Operate in One 
Direction. 


Circuit grounded. Isolate various parts of circuit and 
check using wiring diagram (par. 
16). 


і. Drive Motor Is Noisy or Vibrates. 
Motor shifted out of position on Check backlash and readjust motor 


gear box. (par. 38 b. (3) and (4) ). 
Defective bearings. Replace bearings (pars. 32 to 37). 
Pole shoe scraping armature. Replace defective parts (pars. 32 to 
37); 
Brushes not seated properly. Replace brüshes. See operator’s man- 
ual for correct procedure. 
Commutator out of round. Replace armature (pars. 32 to 37). 
Bent shaft. Replace shaft (pars. 32 to 37). 
Armature out of balance. Replace armature (pars. 32 to 37). 
Armature rubbing field poles. Replace defective parts (pars. 32 to 
37). 
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j No Rotation of Turret. 


Probable Cause Probable Remedy 

Turret locked with locking Unlock turret. 

wheel. 

Open circuit. Using test lamp, check circuits and 
repair as necessary. 

Stabilizer oil pump frozen. Replace oil pump. See proper pro- 
cedure in specific operator’s man- 
ual. | 

Defective motor generator or Replace brushes. See proper proced- 

drive motor brushes. ure in specific operator’s manual. 

Ground in electrical circuit. Test for grounds and repair as neces- 
sary. 

Ring gear eccentric or friction Correct as necessary (par. 8 с.). 

excessive. 

Turret bearing race eccentric. True-up race (do not shim). 


k. Low Turret Speed and High Drive Motor Amperes. 
Excessive friction or eccentricity Check turret friction and eccentricity 
in turret ring gear. and correct as necessary (par. 8 
с.). 
Binding by equipment inside Shift equipment causing trouble. 
hull around basket. 
Turret bearing race eccentric. True-up race (do not shim). 


І. Traverse Operates in Either Direction with Switches, But in 
Only One Direction or Not At All. with Handwheel. 


Open circuit in silverstat control. Isolate silverstat circuit (figs. 13 or 
15) and check for open. Repair as 
necessary. 

Dirt in silverstat control. Remove bottom cover. Clean out sil- 


verstat leaves with low pressure 
air or clean with SOLVENT, dry- 
cleaning, and fine camel’s-hair 
brush. 


m. Traverse Operates with Switches or Handwheel in One Direc- 
tion Only. 
Defective wiring. Check and correct wiring as neces- 
sary (par. 16). 
Gunner's or commander’s switch Replace defective switch. See spe- 
defective. cific operator's manual for proper 
procedure. 


23 


ТМ 9-1731Е 
10 


ORDNANCE MAINTENANCE — ELECTRIC TRAVERSING MECHANISM 
FOR MEDIUM TANKS M4 AND MODIFICATIONS 


n. Traverse Will Not Operate with Handwheel in Electric Position. 
Probable Cause Probable Remedy 
Gyro bracket not turning. Remove gear box from vehicle (par. 
43). Check spring tension and 
tighten cover or change springs. 
Check fit of tapered shaft in roller. 
Turn roller and see if bracket 
turns. Change if defective. Check 
if shaft is down through oil seal 
and knock down with rawhide or 
fiber mallet (par. 47 b. (13) ). 
Disengaging switch defective. Replace or adjust switch. See specific 
operator’s manual for correct pro- 
cedure. 


о. Turret Pulsates. 


Friction shoes loose. Tighten friction shoe adjusting screw 
as necessary (par. 47 b. (18) ). 


р. Irregular or Rough Movement of Turret when Using Hand- 
wheel in Electric Operation. 
Defective gyro motor. Remove gear box (par. 43) and 
change gyros (par. 45 b. (8) and 
(9), and par. 47 b. (18) and 
(19)). 
Open circuit in gyro motor. Remove gear box (par. 43) and 
change gyros (par. 45 b. (8) and 
(9), and par. 47 b. (18) and 
(19)). 


Excessive turret friction. Correct as necessary (par. 8). 


q. Turret Coasts After Either Gunner’s or Commander’s Switch Is 
Released. 


Loose clutch. Tighten clutch. See specific oper- 
ator’s manual for correct proced- 
ure. 

Dirty silverstats. Remove bottom cover. Clean silver- 


stat leaves with low pressure air 
or clean with SOLVENT, dry- 
cleaning, and fine camel’s-hair 
brush. 

Motor-gear box mounting loose. Tighten mounting bolts (par. 38 b. 


(6)). 
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г. Turret Stops with Jar after Full Speed Operation. 


Probable Cause Probable Remedy 
Tight clutch. Adjust clutch as necessary. See spe- 
cific operator’s manual for proper 
reference. 


s. Traverse Will Not Operate Electrically. 


Tapered shaft frozen to roller. Replace unit and overhaul it com- 
pletely (pars. 43 to 48). 


t. Traverse Will Not Operate Electrically with Handwheel. 


Tapered shaft frozen to differen- | Replace unit and overhaul it com- 
tial worm wheel or bevel gear. pletely (pars. 43 to 48). 


u. Traverse Operates at Full Speed as Soon as Turret Switch Ів 
Turned On. 
Reversed field or armature leads Reverse Al (yellow) and A2 (blue) 


in motor generator. leads on generator brushes. 


v. Traverse Will Not Operate Turret at 4 Revolutions per Minute 
in Power Operation. 


Turret friction excessive. Repair as necessary (par. 8). 

Turret ring gear eccentric. Repair as necessary (par. 8). 

Binding in traverse gear box. Replace gear box, test, and repair as 
necessary (pars. 43 to 48). 

Tank voltage low. Charge batteries with auxiliary gen- 
erator. 

Drive motor defective. Test (par. 9) and repair as neces- 
sary (pars. 32 to 37). 

Motor generator defective. Test (par. 9) and repair as neces- 
sary (pars. 21 to 26). 

Stabilizer pump defective. Repair pump. See ТМ9-1798А, 


Ordnance Maintenance, Stabilizer, 
for proper procedure. 
Turret bearing race eccentric. True-up race (do not shim). 


w. Angular Lag between Handwheel and Turret Drive Gear More 
than 114 inches in Manual Operation or Power Operation. 


Worn gears, poor fits, or ex- Remove gear box, test and repair as 
cessive backlash or end play necessary (pars. 43 to 48). 
in gear box. 
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x. Traverse Cannot Be Operated Manually. Handwheel Bucks. 


Probable Cause Probable Remedy 
Disengaging switch defective Check switch adjustment and setting 
or locking arm incorrectly of arm or replace switch. See 
set. proper procedure in specific op- 


erators manual. 


y. Turret Does Not Come Up to Speed in One Direction when 
Using Gunner's or Commander's Switch. Operates at Full Speed in 
Other Direction. 


Bucking generator field caused Check clearance between gyro and 


by gyro motor hitting re- silverstat control at extreme de- 

sistors on silverstat control or flection in both directions. Check 

some other ground. for other ground. Relocate silver- 
stat control if necessary (par. 47 
b. (19) ). 


z Traverse Cannot Be Operated Manually. Handwheel Bucks. 
Insufficient (Traverse Motor Not Running). 


Motor generator field coils or Remove motor generator from ve- 
armature defective. hicle, test, and repair as necessary 
(pars. 21 to 26). 


aa. Handwheel Follows Worm Shaft when Using Gunner's or 
Commander's Switch in Power Operation. (This Can Happen on 
Traverse Style No. 1231700 Only). 


Burs on worm shaft or hand- Drain oil from gear box (par. 32 b. 
wheel hub. (1) ). Remove front cover (par. 
45 b. (2) and (6) ). Polish parts 
(production paper 9/0 320 grit) 
as necessary. Replace front cover 
(par. 47 b. (21) and (25) or 
(22) and (26) ). Fill gear box 
with oil (par. 49 b. (8) ). 
Front cover plate not properly Shift or replace cover as necessary 
adjusted. (par. 47 b. (21) (22) ). 
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ORDNANCE INSPECTION AND TROUBLE SHOOTING 


IN SHOP 
Paragraph 
Ordnance inspection and trouble shooting in shop........................ 11 
‘Trouble diagnosis chart... cider ebat IR edunt sasapuni sam 12 


11. ORDNANCE INSPECTION AND TROUBLE SHOOTING IN 
SHOP. 
a. If the equipment has been removed from the vehicle and can- 
not conveniently be replaced for testing, test outside the vehicle as 
follows: 


(1) EQUIPMENT. 


АММЕТЕН, dc, 10-0-10 scale 

AMMETER, dc, 0-300 scale 

BRAKE, prony (fig. 111) 

CABLE, No. 1, insulated 

CRADLE, for drive motor (fig. 
111) 

POWER, electric, dc, 24 volt 

PUTTY 

SCALE, 5-1Ь. range with ounce 
graduations 

SCREWDRIVER, 6-in. 


TACHOMETER (0-4000 
scale) 

TAPE, friction 

THERMOMETER (0-100 C 
or 32-212 F) 

THERMOMETER (0-200 C 
or 32-400 F) (4) 

VOLTMETER, dc, 300-0-300 
scale 

VOLTMETER, dc, 0-50 scale 

WIRE, No. 16, insulated 


(2) PROCEDURE. 


(a) Method of Testing. The drive motor and motor generator can- 
not be thoroughly tested outside the vehicle unless a torque is applied 
to the drive motor. The simplest method of applying torque is to remove 
the drive motor from the gear box, and test the drive motor and motor 
generator as described below. Test and repair the gear box separately 
as described in section VIII. 


(b) Remove Drive Motor From Gear Box. See procedure in para- 
graph 32 b. (4). 


(c) Connect the test equipment as shown in figure 11 for counter- 
clockwise rotation of the drive motor. CAUTION: Do not touch 
220-volt connections when current is flowing. Strap the drive motor se- 
curely to cradle to prevent it from jumping. Adjust the power supply 
to 24 volts. Allow the equipment to warm up for one hour before tak- 
ing readings. Short out ammeters with switch until motors have come 
up to full speed. Take the following readings with no load: Motor 
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generator motor line amperes (0-300 dc ammeter), motor generator 
motor and generator armature volts (300-0-300 dc voltmeter), motor 
generator motor and generator armature amperes (10-0-10 dc am- 
meter), motor generator revolutions per minute (tachometer), traverse 
drive motor revolutions per minute (tachometer). 

(d) Take the same readings with 25-ounce-foot torque on the drive 
motor. The center of the drive motor shaft and end of the brake arm 
must, be parallel before the brake shoes are tightened. Set the scale at 
zero with the brake arm connected. To get torque in ounce-feet, multi- 
ply length in feet of the brake arm from center of shaft to contact on 
scale by scale reading in ounces. 

(e) Repeat the no-load and 25-ounce-foot torque readings with the 
drive motor rotating in the opposite direction (clockwise). Place the 
scale on the opposite side of the motor. To reverse direction of motor, 
ground the white generator lead and let the brown generator lead hang 
loose. 

(f) "Test limits for rotation in either direction are as given in Table 
II. CAUTION: The dc supply must be maintained at 24 volts. 


TABLE П--МОТОЕ GENERATOR AND DRIVE MOTOR 
TEST DATA 


No Load 25-Oz.-Ft. Torque 


Motor generator motor line amperes 16-20 65-75 


Drive motor and generator armature 
volts 260-290 220-245 


Drive motor and generator armature 
amperes 0.8-1.0 3.8-4.8 


Drive motor revolutions per minute 4400-4450 3600-3800 


Motor generator revolutions per minute| 3700-3950 3400-3700 


(5) If the drive motor and motor generator have been rebuilt, check 
the heat rise. Place thermometers (0-200 C or 32 to 400 F) over pole 
shoes of drive motor, motor generator motor, and motor generator gen- 
erator. Place a piece of putty over thermometer bulbs and attach 
thermometer with tape. Place a thermometer (0-100 C or 0-212 F) in 
the vicinity of the equipment to measure ambient (room) temperature. 
Run for one hour with the drive motor loaded at 25-ounce-foot torque. 
Check temperature rise on the three 0-200 C or 32-400 F thermometers 
every 10 minutes; shut down equipment if the temperature rise is over 
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85 C or 153 F. Heat the thermometer (0-200 C or 32-400 F) to be used 
for the inside readings, to .approximately the temperature which will be 
encountered, so readings may be secured without negligible error due 
to cooling of equipment. Remove brush covers (6-in. screwdriver). 
Place thermometer bulb on the following points and take readings: 
field pole, field iron, field winding, armature winding, armature iron, 
commutator. Subtract ambient (room) temperature from above tem- 
peratures to get temperature rise. If the rise exceeds 85 C or 153 F see 
the following paragraph, Trouble Diagnosis Chart, for probable causes 
and remedies. 


12. TROUBLE DIAGNOSIS CHART. 


Probable Cause Probuble Remedy 
a. Drive Motor Revolutions per Minute Excessive. 


Excessive generator voltage. Test generator separately and repair 
as necessary (pars. 22 to 26). 


b. Drive Motor Revolutions per Minute Too Low. 


Low voltage from generator. Test generator separately and repair 
as necessary (pars. 22 to 26). 


Tight bearings. Repair as necessary (pars. 32 to 37). 


Obstruction between armature Repair as necessary (pars. 32 to 37). 
and fields. 


e. Motor Generator Revolutions per Minute Excessive. 


Voltage to motor generator mo- Correct voltage as necessary. 
tor over 28 volts. : 


d. Motor Generator Revolutions per Minute Too Low. 


Shorted field. Replace field and frame (pars. 22 to 
26). 
Defective bearings. Replace bearings (pars. 22 to 26). 


Obstruction between armature Remove obstruction. Check for dam- 
and field. age to armature and field. Repair, 

if necessary (pars. 22 to 26). 
Stabilizer pump packing too Adjust packing. See proper refer- 
tight. ence in specific operator's manual. 
Defective brushes. Replace brushes. See proper refer- 
ence in specific operator s manual. 
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Proboble Couse 
Dirty commutator. 


Probable Remedy 
Clean commutator by touching very 
lightly with fine sand paper (No. 
00) while the armature is rotat- 
ing. IMPORTANT: Do not touch 
leads or brush holders during this 
operation as there are approxi- 
mately 220 volts across armature 
leads. With a pen knife, remove 
oil or dirt from between com- 
mutator bars. Be sure mica be- 
tween bars is below the surface of 
commutator. Be careful not to 

scratch commutator. 


e. Temperature Rise Excessive. 


Short in armature or field. 


Open in armature or field. 


Excessive friction. 


f. All Other Symptoms. 


Disassemble, test, and repair as 
necessary. See correct procedure 
in section for unit involved. 

Disassemble, test, and repair as 
necessary. See correct procedure 
in section for unit involved. 

Disassemble, test, and repair as 
necessary. See correct procedure 
in section for unit involved. 


See Trouble Diagnosis Chart (par. 
10). 
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Section V 


SWITCHES AND WIRING 


Paragraph 
Commanders ТСН, sumakpas aaa oe pO cde 13 
Günner' s Switelr. iu dude аа а а ы Rage e 14 
Disengaging :SWItCh: ера init e u Ra dan айнда банан 15 
Wiring and shielded сопашЕ issiisornrarniain unean oenas 16 


13. COMMANDER'S SWITCH. 


a. Maintenance on the commander's switch (figs. 8 and 12) is given 
in the operator's manual. The switch used on traverse style No. 1231700 
has six contacts. The switch used on traverse style No. 1234375 has 
four contacts. Differences in wiring are shown in the wiring diagrams 
(figs. 13 and 14), and in the wiring charts (figs. 15 and 16). The switch 
is installed on the roof of the turret (fig. 8). It takes precedence over 
the gunner's switch and handwheel in power operation and provides 
maximum speed in either direction. It is a two-way toggle switch which 
returns to neutral when released. Wiring is enclosed in flexible shielded 
conduit. 


14. GUNNER'S SWITCH. 

a. Maintenance on the gunner's switch (figs. 1 and 12) is given 
in the operator's manual. It is installed on the gear box behind the hand- 
wheel (fig. 1), takes precedence over the handwheel in power oper- 
ation, and gives maximum turret speed in either direction. It is a two- 
way toggle switch which returns to neutral when released. Wiring de- 
tails are given in figures 13 to 16. 


15. DISENGAGING SWITCH. 

a. Maintenance on the disengaging switch (figs. 2, 12 and 62) is 
given in the operator's manual. The disengaging switch is installed on 
the gear box below the lock lever (fig. 2). It is a normally closed switch 
held open by the lock lever when the traverse is in manual operation. 
For wiring details, see figures 13 to 16. Wiring is enclosed in rigid 
shielded conduit. 


16. WIRING AND SHIELDED CONDUIT. 


a. Do Not Touch 220-Volt Connections when Current Is Flowing. 
All wiring is enclosed in shielded conduit, flexible or rigid, to prevent 
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Figure 12 — Switches 
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Figure 16 — Wiring Chart for Traverse Style No. 1234375 
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radio interference. There are two wiring diagrams, figures 13 and 14, 
and two wiring charts, figures 15 and 16. Figures 13 and 15 show the 
wiring diagram and connections for style No. 1231700 units; figures 
14 and 16 for style No. 1234375 units. The latter design eliminates 
two connections in Ше commander’s switch and simplifies the wiring. 
The red 24-volt supply lead between the motor generator motor and 
the disengaging switch and the green lead between the disengaging 
switch and the gear box terminal box are 26 strand 0.010 wire. All 
other wire is 16 strand 0.010. When connecting leads solder securely, 
cut off excessive ends, and tape neatly, first with rubber tape, then with 
friction tape. 


b. In earlier models, a special 125 ampere fuse, possessing long 
time lag characteristics, has been installed in place of the original 100 
ampere fuse in the turret power circuit, to protect the various lines and 
units from overload. On current production models, the fuse is super- 
seded by a circuit breaker. 
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MOTOR GENERATOR 
Paragraph 
Пезепрнопи ен ани Cae та сведе aaa aS 17 
Operating врестеаноне: „сасе сан ила ныне гейлерди анын 18 
Organization maintenance  .............................................................. 19 
Trouble diagnosis chart унео та ча Cr Dd obi 20 
Removal from. vehicle... uuu emeret tta eia eterni 21 
Inspection and test before 4і5азз5епаБІу.......................................... 22 
Disassembly ..... а Г УГ qa 23 
Inspection апа тера!г.........; 2... ее нанава нны, 24 
Assembly. аана авй — DP 
"Pests before installation n назначана eoe pus 26 
Installation in the уеВісіе ............................................................... 27 


17. DESCRIPTION. 


a. The motor generator motor and generator are directly connected 
and enclosed in a common housing (fig. 17). The motor has a bracket 
and shaft for mounting and driving the stabilizer oil pump. Satisfac- 
tory performance will be maintained when the motor generator fields 
are excited with 24 to 28 volts. The generator armature supplies cur- 
rent from 0 to 260 volts to the armature of the drive motor. The motor 
generator will. operate satisfactorily in ambient (surrounding atmos- 
phere) temperatures ranging from 20 F below zero to 120 F above 
zero. Both motor and generator are equipped with 0.10 microfarad 
capacitors to prevent radio interference. Glass insulation treated with 
varnish is used throughout. Brush holders are not removable. All parts 
are treated to prevent rust or corrosion. Motor generator end play is 
held between 0.007 and 0.012 inch. 


b. Motor. The rating of the motor is as follows: 1% horsepower; 
24 volt direct current; 75 amperes; 3,600 revolutions per minute; 85 C 
or 153 F rise in 1 hour. The field is compound wound with sufficient 
series field to start the generator and still maintain constant speed. 


c. Generator. The rating of the generator is as follows: 1 kilowatt, 
220 volt direct current; 4.55 amperes; field excitation, 24 volt direct 
current; shunt wound; 3,600 revolutions per minute; 85 C or 153 F rise 
in 1 hour. The field has double windings of equal field strength so the 
polarity of the output current can be reversed through the silverstat 
control, gunner's switch, or commander's switch, thereby reversing the 
direction of rotation of the drive motor. The resistance of each field is 
the same, 4.5 ohms at 25 C or 45 F. 
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GENERATOR 


Ше 


ВОХ, СЕМЕКАТОК 
TERMINAL 


L — MOTOR 


BRACKET | © 
STABILIZER BOX, MOTOR 
PUMP | ох мот 
MOUNTING | 3 u i L 
SHAFT, 
FEET, STABILIZER 
MOUNTING PUMP DRIVE 
RA PD 39076 
Figure 17 — Motor Generator 

18. OPERATING SPECIFICATIONS. 
Brushes.......... 1 inch long when new. Replace if worn down half or more 
ован сок э СМ ја фер dtr o st ot din 0.007 to 0.012 inch 
Red lead from disengaging switch..... ....26 strand 0.010 insulated wire 
All other leads....... ое 16 strand 0.010 insulated элге 
Shaft bearing... uu ный Inner race, press fit; outer race, slip fit 


19. ORGANIZATION MAINTENANCE. 


a. Scope. The scope of maintenance and repair by the crew and 
other units of the using arms is determined by the availability of suit- 
able tools, availability of necessary parts, capabilities of the mechanics, 
time available, and the tactical situation. All of these are variable and 
no exact system of procedure can be prescribed. 


b. Allocation of Maintenance. Indicated below are the maintenance 
duties for which tools and parts have been provided for the using arm 
personnel. Other replacements and repairs are the responsibility of 
ordnance maintenance personnel but may be performed by using arm 
personnel when circumstances permit, within the discretion of the com- 
mander concerned. Echelons and words as used in this list of main- 
tenance allocations are defined as follows: 


40 


TM 9-1731E 
19 


MOTOR GENERATOR 


SECOND ECHELON: Line organization regiments, battalions, companies, 
detachments, and separate companies. 


THIRD ECHELON: Ordnance light maintenance companies, ordnance 
medium maintenance companies, ordnance divisional maintenance 
battalions, and post ordnance shops. 


FOURTH ECHELON: Ordnance heavy maintenance companies, and service 


command shops. 


FIFTH ECHELON: Ordnance base regiments, ordnance bases, arsenals, 
and manufacturers’ plants. 


SERVICE: Including 
preventive mainte- 
nance. Refer to AR 
850-15, paragraph 
23 а. (1) and (2). 


REPLACE: Refer to 
AR 850-15, para- 
graph 23 a. (4). 


REPAIR: Refer to 
AR 850-15, para- 
graph 23 a. (3) and 
(5), in part. 


REBUILD: Refer to 
AR 850-15, para- 
graph 23 a. (5) in 
part, and (6). 


Consists of servicing, cleaning, lubricating, tighten- 
ing bolts and nuts, and making external adjust- 
ments of subassemblies or assemblies and con- 
trols. 


Consists of removing the part, subassembly or as- 
sembly from the vehicles and replacing it with a 
new or reconditioned or rebuilt part, subassem- 
bly or assembly, which ever the case may be. 


Consists of making repairs to, or replacement of the 
part, subassembly or assembly that can be ac- 
complished without completely disassembling the 
subassembly or assemblies, and does not require 
heavy welding, or riveting, machining, fitting 
and/or alining or balancing. 


Consists of completely reconditioning and replac- 
ing in serviceable condition any unserviceable 
part, subassembly or assembly of the vehicle, in- 
cluding welding, riveting, machining, fitting, alin- 
ing, balancing, assembling and testing. 


ORDNANCE 
SERVICE OPERATION USING ARM PERSONNEL 
Replace motor generator x — 
Replace brushes x — 
Repair or replace interior parts — x 


41 


TM 9-1731E 
20—22 


ORDNANCE MAINTENANCE — ELECTRIC TRAVERSING MECHANISM 
FOR MEDIUM TANKS M4 AND MODIFICATIONS 


20. TROUBLE DIAGNOSIS CHART. 
a. Refer to paragraphs 10 and 12. 


21. REMOVAL FROM VEHICLE. 


a. Equipment. 


COPPER, soldering WRENCH, box, і%-іп. 
SCREWDRIVER, 6-in. WRENCH, open-end, 1j-in. 
WRENCH, Allen, j-in. WRENCH, socket, 34-т., with 


8-in. and 4-in. extensions (2) 


b. Procedure (fig. 18). 

Turn turret switch to *OFF." Remove generator terminal box cover 
(6-in. screwdriver). Disconnect leads in generator terminal box (solder- 
ing copper). Remove motor terminal box cover (6-in. screwdriver ). 
Disconnect 24-volt supply line (1%-іп. open-end wrench). Remove four 
screws (jin. Allen ог +%-їп. box wrench) holding stabilizer pump to 
motor. Do not disconnect stabilizer oil lines. Tie pump to side of basket 
to prevent damage to the oil lines. Hold motor generator in place and 
remove four mounting bolts (34-іп. socket wrenches (2) with 8-іп. and 
4-in. extensions). This is a two man operation. Lift motor generator 
out of vehicle, also a two man operation. 


22. INSPECTION AND TEST BEFORE DISASSEMBLY. 


a. Equipment. 


CLOTH, wiping, cotton POWER, electric, dc, 24-volt 
HAMMER SCREWDRIVER, 6-in. 
INDICATOR, end play (fig. SCREWDRIVER, 8-in. 

98) 


b. Procedure. 

(1) INSPECT MOTOR GENERATOR VISUALLY. 

CLOTH, wiping, cotton SCREWDRIVER, 6-in. 

Clean motor generator thoroughly with clean cotton wiping cloth. Re- 
move generator end cover and motor brush band (6-1. screwdriver). 
Look for broken or damaged leads, brackets, or electrical connections. 
Check for loose electrical connections. Check shaft for free rotation. 


(2) CHECK SHAFT END PLAY (figs. 19 and 98). 
HAMMER SCREWDRIVER, 8-in. 
INDICATOR, end play (fig. 
98) 
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Figure 18 — Motor Generator Installed 
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Check shaft end play which must be between 0.007 and 0.012 inch. 
Hammer screwdriver in shaft motor end slot driving shaft as far toward 
generator end as possible. Attach suitable measuring device (fig. 19). 
Place screwdriver between generator commutator and bearing bracket. 
IMPORTANT: Be careful to pry on steel bushing of commutator, and 
not on copper bars. Pry shaft with screwdriver and take end play readings. 


(3) RUN MoToR GENERATOR AND CHECK OPERATION. 
POWER, electric, dc, 24-volt 


Connect motor to 24-volt direct current source. IMPORTANT: Do 
not touch 220-volt connections when generator is running. Run for one- 
half hour. Noise indicates bad bearings or poles rubbing against arma- 
ture. Failure to run indicates a short, an open, or frozen bearings. If 
motor operates satisfactorily, test the motor generator as outlined in 
paragraph 26. If troubles are indicated, disassemble as outlined in the 
following paragraph, repair as necessary, then test as outlined in para- 
graph 26. 


(4) CHECK COMMUTATOR AND BRUSHES (fig. 20). 
SCREWDRIVER, 8-in. 


Check motor and generator commutators for nicks, scores, and 
scratches. Remove brush caps with 8-inch screwdriver (fig. 20). Slide 
all motor and generator brushes in and out, to be sure they move freely 
and make contact with the commutators. Mark brushes so they can 
be replaced in the same holder and position. Remove brushes. Inspect 
for chips, breaks, and wear. New brushes are 1 inch long. Replace if 
more than half worn or if damaged in any way. 


23. DISASSEMBLY. 


a. Equipment. 


MALLET, rawhide SCREWDRIVER, 8-in. 
PAPER, wax WRENCH, Allen, -іп. 
PULLER, bearing (fig. 99) WRENCH, socket, 5-in. 


SCREWDRIVER, 6-in. 
b. Procedure. 


(1) REMOVE GENERATOR BEARING BRACKET (figs. 18, 20, and 21). 
SCREWDRIVER, 6-in. SCREWDRIVER, 8-in. 
Remove four generator end cover screws with 6-in. screwdriver 
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BRUSH. GENERATOR 
ARMATURE. GENERATOR 


САР, BRUSH 
CAPACITOR 
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| GENERATOR 
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CAP, MOTOR BRUSH 


CEN 


RA PD 51185 


Figure 20 — Removing Motor Generator Brushes 


(fig. 18). Lift off end cover. Remove generator brush caps and brushes 
with 8-in. screwdriver (fig. 20). Mark brushes so they can be replaced in 
same holders and positions. Disconnect generator field wires from brush 
holders with 6-in. screwdriver (fig. 21). Remove the two generator end 
capacitors (6-in. screwdriver) only if necessary to replace them. NOTE: 
Both flat and tubular capacitors have been used, but both have the 
same value. Remove four bearing bracket mounting screws (6-in. screw- 
driver). Lift off generator bearing bracket. 
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Figure 21 — Removing Generator Bearing Bracket 
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(2) REMOVE Мотов BEARING BRACKET (figs. 18 and 22). 
MALLET, rawhide WRENCH, Allen, +%-їп. 
SCREWDRIVER, 6-in. WRENCH, socket, %-in. 
SCREWDRIVER, 8-in. 

Remove motor brush access plate with 6-in. screwdriver (fig. 18). 
Remove the four motor brush caps and brushes (8-in. screwdriver). Mark 
brushes so they can be replaced in same holders and positions. Dis- 
connect the two motor field wires with 6-in. screwdriver ог j4-in. Allen 
wrench (fig. 21). Remove four motor bearing bracket mounting screws. 
Tap motor bearing bracket gently with rawhide mallet to release from 
field frame. Disconnect direct current supply (5%-іп. socket wrench) nut 
and lock washers. Lift off motor bearing bracket. 


(3) REMOVE Моток GENERATOR ARMATURES AND BEARINGS (fig. 
23). 
PAPER, wax SCREWDRIVER, 6-in. 
PULLER, bearing (fig. 23) 


Pull out motor generator armatures complete. Inspect and clean bear- 
ings as outlined in paragraph 24 b. (7). If bearings are to be used again, 
wrap them in clean wax paper to protect them from dirt. Remove four 
screws (6-in. screwdriver) and remove bearing cap and shims. If nec- 
essary to remove the two armature bearings, use special bearing puller 
(fig. 23) to prevent damage to bearing races. CAUTION: Never apply 
pressure to outer race of bearings. 


BEARING COMMUTATOR 


Fe | 
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Figure 23 — Removing Motor Generator Armature Bearings 
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24. INSPECTION AND REPAIR. 


a. Equipment. 
BLADE, hacksaw, 0.025-in., or SANDPAPER, No. 00 


23 gage thick SET, test, 2,000 volt ground 
GROWLER SOLVENT, dry-cleaning 
LAMP, test, 110 volt STRIP, thin metal 


OHMMETER, 0 to 10 scale 


b. Procedure. 


(1) INSPECT COMMUTATOR (figs. 24 and 25). 
BLADE, hacksaw, 0.025-in., or SANDPAPER, No. 00 
23 gage thick 
'The commutator on the motor end may be turned or worn to 21⁄4-inch 
diameter limit; the commutator on the generator end may be turned or 
worn to 1,';-inch diameter limit. Replace armature if less than either 
of these limits. Clean motor and generator commutator bars by rubbing 
gently with No. 00 sandpaper (fig. 24). CAUTION: Never use emery 
cloth in any form. With 0.025-inch or 23 gage thick hacksaw blade, cut 
mica from between commutator bars until mica is below the surface 
of commutator (fig. 25). If motor driven undercutting saw is available, 
it may be used in place of the hacksaw blade. Remove burs, created 
by scraping, on edge of bars (No. 00 запдрарег). 
(2) TEST ARMATURE FOR SHORTS (fig. 26). 
GROWLER STRIP, thin metal 
Lay armature on growler. Turn on current. Hold thin metal strip, such 
as a 6-in. steel scale or hacksaw blade, to just clear armature. Turn arma- 
ture one complete revolution. A short circuit is indicated by a growl or 
buzz, and a pull on the metal strip toward the growler. If short is found, 
repair as necessary or replace armature. | 
(3) TEST ARMATURE FOR OPENS (fig. 27). 
LAMP, test, 110 volt 
Using a test lamp, test adjacent bars all the way around the commu- 
tator for open circuits. If opens are found, repair as necessary or re- 
place armature. 
(4) TEST ARMATURE FOR GROUNDS (fig. 28). 
SET, test, 2,000 volt ground 
Place prongs of high voltage test set across commutator riser and 
iron core with voltage set at 500. Do not touch brush surface with test 
prong. See instructions on test equipment for ground indication. 
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Figure 26 — Testing Drive Motor Armature for Shorts 


CAUTION: Be sure to observe all standard safety measures when using 
high voltage test equipment. Be careful not to touch test prongs when 
current is flowing. Test set must be equipped with hand pressure switch 
in each prong handle and a circuit breaker in the test box. If ground is 
found, repair as necessary or replace armature. 


(5) Тезт FIELD COILS FOR OPENS AND SHORTS (fig. 29). 
OHMMETER, 0-10 scale 


Follow equipment manufacturer's instructions for use of ohmmeter. 
Take readings on generator end across white and green leads, and be- 
tween green and brown leads. Limits are 4.3 to 4.6 ohms. If resistance is 
high or infinity, there is an open circuit. If resistance is 10 per cent or 
more below normal value at 25 C or 45 F, field is shorted. On motor 
end, take shunt field readings from red lead to ground. Limits are 9.6 
to 10 ohms for the shunt field. If resistance is high or infinity, there is 
an open circuit. If resistance is 10 percent or more below normal value 
at 25 C or 45 F, field is shorted and should be replaced. The resistance 
in the series field is too small to measure. It consists of only one turn 
of wire. If this wire is broken or shorted, the motor will not start or 
will come up to speed very slowly. 
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Figure 28 — Testing Drive Motor Armature for Grounds 
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Figure 29 — Testing Motor Generator Field Coil Resistance with Ohmmeter 
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(6) 'ТЕзт FIELD COILS FOR GROUNDS (fig. 30, motor end only). 
SET, test, 2,000 volt ground 

Set tester at 1,000 volts. Touch one test prong to the frame and the 
other, for an instant only, to either the green (F1), brown (F3), or white 
(F2) generator field coil lead, and to the red 24-volt lead. On motor end 
touch one test prong to the frame and the other to each free lead. 
See equipment instructions for ground indication. CAUTION: Be sure 
to observe all standard safety precautions when using high voltage test 
equipment. Do not touch prongs when current is flowing. Test set must 
be equipped with hand pressure switch in each prong handle and a 
circuit breaker in the test box. 

(7) INSPECT BEARINGS. 

PAPER, wax SOLVENT, dry-cleaning 

Turn bearings several revolutions with fingers. Binding or roughness 
indicates wear, defects, or dirt. Clean bearings with SOLVENT, dry- 
cleaning. CAUTION: Do not clean double-shielded bearings. SOLVENT, 
dry-cleaning, removes the grease with which bearings are packed, and 
it is impossible to repack double-shielded bearings. If this cleaning does 
not remove the trouble, replace the bearings. CAUTION: Wrap bear- 
ings in clean wax paper to protect them from dirt. 


25. ASSEMBLY. 


a. Equipment. 


AIR, pressure SET, test, 2,000 volt ground 
GREASE, special, high temper- SLEEVES, for installing bear- 
ature ings (fig. 100) 

INDICATOR, end play (fig. SOLVENT, dry-cleaning 

98) WRENCH, Allen, -ў-іп. 
HAMMER WRENCH, open-end,1?-in. 
PRESS, arbor WRENCH, offset or socket, 
SCREWDRIVER, .6-in. 5-in. 


SCREWDRIVER, 8-in. 


b. Procedure. 


(1) INSTALL BEARINGS ON ARMATURE SHAFT (figs. 31 and 100). 
GREASE, special, high temper- SLEEVES, for installing bear- 
ature ings (fig. 100) 
PRESS, arbor 
Install bearings with sleeves (fig. 100) and arbor press (fig. 31). 
Apply approximately one teaspoon full of GREASE, special, high tem- 
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Figure 31 — Installing Motor Generator Bearings 
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perature, to generator end bearing, and place open side of bearing toward 
generator end bracket. The motor end bearing is double-shielded, per- 
manently greased by its manufacturers, and may be installed either 
side out. CAUTION: Do not apply pressure to outer race of bearing. 


(2) INSTALL GENERATOR END BRACKET. 

AIR, pressure SOLVENT, dry-cleaning 
SCREWDRIVER, 6-in. WRENCH, Allen, -9;-іп. 

Clean out interior of frame and brush holder brackets with air pressure. 
Clean bearing recesses with SOLVENT, dry-cleaning. Install generator 
bearing bracket with four screws (6-in. screwdriver ог ;;-in. Allen 
wrench). 


(3) CONNECT GENERATOR WIRING AND CAPACITORS (figs. 21 and 
32). 
SCREWDRIVER, 6-in. 
Install two capacitors. Connect wires and capacitors on generator 
(6-in. screwdriver). Connect the blue (А2) and yellow (Al) armature 
leads. 


(4) INSTALL ARMATURE. Insert armature, small end first, into frame. 


(5) INSTALL Моток Емо ВЕАСКЕТ (fig. 22). 
SCREWDRIVER, 6-in. WRENCH, socket, or offset, 
5в-іп. 
Attach brass nut to 24-volt supply connection оп motor епа bracket, 
using 58-1п. socket or offset wrench. Attach motor bearing bracket with 
four screws (6-in. screwdriver). 


(6) CONNECT MOTOR END LEADS AND CAPACITORS (figs. 22 and 32). 
SCREWDRIVER, 6-in. WRENCH, open-end, }3-in. 

Attach motor end leads except ground. Connect brass nut on 24-volt 
supply line to terminal post (14-іп. open-end wrench). Install two ca- 
pacitors. Connect armature leads as shown in figures 22 and 32. 

(7) CHECK SHAFT END PLAY (figs. 19, 33 and 98). 

HAMMER SCREWDRIVER, 6-in. 
INDICATOR, end play (fig. 
98) 

Install bearing cap with four screws (6-in. screwdriver). Measure 
shaft end play (fig. 19) which must be between 0.007 and 0.012 inch. 
Place screwdriver in motor shaft and hammer it to drive shaft back as 
far as possible. Attach suitable measuring device. Place screwdriver 
between generator commutator and end bracket. CAUTION: Be care- 
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Figure 32 — Motor Generator Wiring Diagram 
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ful to pry on steel bushing of commutator and not on commutator bars. 
Pry shaft with screwdriver and take end play readings. Remove bearing 
cap and install necessary shims (fig. 33). Replace bearing cap and re- 
check end play. 

(8) INSTALL BRUSHEs (fig. 20). 

SCREWDRIVER, 8-in. 

Install generator end brushes and brush caps with 8-inch screwdriver 
(fig. 20). New brushes go in either way. Used brushes must be marked 
on disassembly and returned to the same holder and position. On the 
motor end install brushes in the two insulated holders. Do not install the 
two brushes in the uninsulated (grounded) holders until ground test 
is made. 


(9) TEST FOR GROUNDS. 
SET, test, 2,000 volt ground | 

If not already done, test motor generator for grounds with high voltage 
test set. CAUTION: Be sure to observe all standard safety precautions 
when using high voltage equipment. Be sure not to touch test prongs 
when current is flowing. Test set must be equipped with hand pressure 
switch in each prong handle and a circuit breaker in the test box. Set 
tester at 1,500 volts. Touch one test prong to frame and the other, for 
an instant only, to blue generator armature lead (A2). Repeat touching 
yellow generator armature lead (A1). Set tester at 1,000 volts. Touch 
one test prong to the frame and the other, for an instant, to either the 
green, brown, or white generator field coil lead, and to the red 24-volt 
lead. See equipment instructions for ground indication. If a ground is 
found, repair as necessary before continuing assembly. On motor end, 
touch one test prong to frame and the other to the brass 24-volt supply 
lug and then to the disconnected ground lead. This check tests both 
armature and field for grounds. Connect motor field ground lead (figs. 22 
and 32). Install remaining two brushes (grounded) on motor end. 


(10) INSTALL TERMINAL Box. 
SCREWDRIVER, 6-in. 
If necessary to install terminal box, clean surface on frame and ter- 


minal box of paint and foreign matter. Fasten terminal box to frame 
with two screws and shake-proof washers. 


26. TESTS BEFORE INSTALLATION. 
a. Equipment. 


AMMETER, dc, 0 to 300 scale POWER, electric, dc, 24 volt 
AMMETER, dc, 10-0-10 scale RHEOSTAT, 100 ohm, 10 am- 


peres 
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SWITCH, single pole, double VOLTMETER, dc, 300-0-300 


throw (100 amp.) scale 
SWITCH, single pole, single VOLTMETER, ас, 0-30 scale 
throw (10 amp.) WIRE, insulated No. 1 for 24 
TACHOMETER (0-4000 volt source and No. 16 for all 
scale) other connections 


b. Procedure. 

Connect the generator and test equipment as shown in figure 34. CAU- 
TION: Do not touch: 220-volt connections when generator is running. 
Close the two switches. Run for one-half hour. Take the following read- 
ings: armature amperes (10-0-10 scale dc ammeter), armature volts 
(300-0-300 scale dc voltmeter), line amperes (0-300 scale dc ammeter) 
and line volts (0-30 scale dc voltmeter). Line volts must be kept at 24. 
Adjust the rheostat to secure desired armature amperes. Short out the 
ammeters until the motor generator has reached full speed. Connect the 
double throw switch to opposite side and take the same readings. Limits 
are as follows: 


TABLE Ш — GENERATOR TEST DATA 


Armature Armature Revolutions Line Line 
Amperes Volts per Minute Amperes Voltage 


272 + 10 per сеп! | 3800 + 10 per cent} 1 10 per cent 24 
230 + 10 рег cent | 3600 + 10 per сеп! + 10 рег cent 24 
220 10 рег cent | 3550 + 10 per сеп! 10 per cent 24 
203 10 рег cent | 3500 + 10 per cent} 85 + 10 per cent 24 


If motor generator has been rebuilt, run for one hour at 75 amperes 
on the motor (line amperes) and load the generator (armature am- 
peres) with resistance to 4.55 amperes. Take readings listed in Table 
III. Take temperature rise as described in paragraph 11. 


27. INSTALLATION IN THE VEHICLE. 


a. Equipment. 


COPPER, soldering WRENCH, open-end, }3-in. 
SCREWDRIVER, 6-in. WRENCH, socket, 34-in., with 
TAPE, friction 4-in. extension 

TAPE, rubber WRENCH, socket, 34-іп., with 
WRENCH, Allen, {;-іп. 8-in. extension 


WRENCH, box, j,-in. 
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Figure 35 — Mounting Position for Motor Generator 
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b. Installing Motor Generator in Vehicle (figs. 1, 13, 14, and 35). 

Place and hold the motor generator in position on the turret wall 
(fig. 35), with the generator on top (fig. 1). This is a two-man opera- 
tion. Insert and tighten the four mounting bolts ( 3⁄4-in. socket wrenches 
(2) with 8-in. extension and with 4-in. extension). Connect the 24-volt 
supply line in motor terminal box (}%-in. open-end wrench). Connect 
all wires in generator terminal box according to the wiring diagram 
with soldering copper (figs. 13 or 14). Tape ends securely, first with 
rubber tape, then with friction tape. Replace terminal box covers (6-1п. 
screwdriver). Install stabilizer oil pump with four screws (,';-in. Allen 
ог j4-in. box wrench). Check the operation of the complete traverse 


(par. 8). 
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28. DESCRIPTION. 


a. The drive motor rotates the turret through the gear box on which 
it is mounted (fig. 2). It is shunt wound and totally enclosed. Separately 
excited from the vehicle batteries, it will operate satisfactorily with an 
excitation of 24 to 28 volt direct current. The armature supply current 
is at a nominal voltage of 220 supplied by the generator. The name 
plate rating is as follows: 11% horsepower; 220 volt direct current; 4.55 
amperes; 3700 revolutions per minute; 85 C or 153 F rise, 1 hour. The 
motor will operate satisfactorily in an ambient (outside atmosphere) 
temperature range from 20 F below zero to 120 F above zero. It is 
equipped with two 0.10 microfarad capacitors to prevent radio inter- 
ference. Mechanical characteristics of insulation, brush holders and 
brushes, and rust prevention are the same as given for the motor generator 
in paragraph 17. 


29. OPERATING SPECIFICATIONS. 


Brushes........ 1 inch long when new. Replace if half or more worn away 
Shaft end ФУ comer ee лены еее 0.006 to 0.010 inch 
АП leads КЕНЕН НЕТ ыы 16 strand 0.010 insulated элге 
Shaft bearings, ....... oom Inner race, press fit; outer race, slip fit. 
Backlash between motor worm......... Some backlash at all points. Maxi- 

and handwheel mum backlash, =-іп. measured 


at surface of commutator 
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30. ECHELON BREAKDOWN ОЕ MAINTENANCE. 
Service-Operation Using Arm Ordnance Personnel 
Replace complete unit x — 
Replace brushes x === 
Repair ог replace interior parts — х 
31. TROUBLE DIAGNOSIS CHART. 
a. Refer to paragraphs 10 and 12. 
32. REMOVAL FROM VEHICLE. 
a. Equipment. 
BAR, square %%-in. WRENCH, box, %%-in. 
COPPER, soldering WRENCH, box, + -їп, 
CONTAINER, oil, 2-qt. WRENCH, socket, 34-in, with 


PLIERS 8-in. extension 
SCREWDRIVER, 6-in. 


b. Procedure. 


(1) Drain OIL From GEAR Box (fig. 2). 

BAR, square, 3-in. WRENCH, box, 35-in. 
CONTAINER, oil, 2-qt. 

CAUTION: The oil must always be drained before. the gear box 
is removed from the vehicle. Otherwise the drive motor may be soaked 
with oil and seriously damaged. Turn turret switch to “OFF” position. Re- 
move drain plug, and drain oil into suitable container which will hold at 
least two quarts. Replace drain plug. 


(2) DiscoNNECT WIRING (figs. 2 and 18). 


COPPER, soldering SCREWDRIVER, 6-in. 
PLIERS 
Remove three ferrule nuts on drive motor terminal box (pliers). Re- 

move drive motor terminal box cover (6-in. screwdriver) and discon- 
nect all wires (soldering copper). Remove cover from generator ter- 
minal box with 6-in. screwdriver (fig. 18) and disconnect all wires 
(soldering copper). Remove ferrule nut on generator terminal box 
(pliers). Shielded cable from generator to gear box is removed with 
the motor-gear box. 


(3) REMovE MouNTING BOLTS. 
WRENCH, socket, 3⁄4-in., with 8-in. extension 
Loosen and remove horizontal mounting bolts (34-in. socket wrench 
with 8-in. extension), shims, and key while holding motor-gear box in 
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Figure 36 — Removing Drive Motor from Gear Box 
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place by hand. Since the motor-gear box weighs approximately 185 
pounds, this is a two-man operation. Remove two vertical bolts (%-in. 
socket wrench with 8-in. extension). Lift unit carefully from vehicle. Re- 
move 14-inch spacer washers from turret shelf. 


(4) REMovE ПЕГЕ Motor From GEAR Box (fig. 36). 
PLIERS WRENCH, open-end, Уг-іп. 
WRENCH, box, тШ. 

Remove four bolts ( 1⁄2-in. open-end wrench) holding gunner’s switch. 

The rigid conduit comes off with the switch. 


Remove eight mounting bolts (j;-in. box wrench) and lift motor 
from gear box. Pull two dowel pins from gear box on motor (pliers). 


33. INSPECTION AND TESTS BEFORE DISASSEMBLY. 


a. Equipment. 


CLOTH, wiping, cotton POWER, electric, dc, 24 volt 
INDICATOR, end play (fig. POWER, electric, dc, 220 volt 

98) (may be traverse motor gen- 
SCREWDRIVER, 6-in. erator) 


SCREWDRIVER, 8-in. 


b. Procedure. 
(1) CLEAN Моток THOROUGHLY WITH COTTON WIPING CLOTH. 


(2) INSPECT MOTOR VISUALLY. 
SCREWDRIVER, 6-in. 


Remove four screws (screwdriver, 6-in.) and pry off motor end cover 
with screwdriver. Look for broken leads, brackets, or electrical connec- 
tions. Check for loose electrical connections. Check motor shaft for free 
rotation. Check commutator for nicks, scores, and scratches. 


(3) CHECK SHAFT EnD Рглу (figs. 37 and 98). 


INDICATOR, end play (fig SCREWDRIVER, 6-in. 
98) 


End play must be between 0.006 and 0.010 inch (fig. 37). Push shaft 
extension end with hand to be sure bearing or brush holder end is 
seated as far as it will go into bearing recess. Install suitable end play 
measuring device. Insert screwdriver between commutator and bracket. 
CAUTION: Be sure to pry on steel bushing and not on copper com- 
mutator bars. Pry shaft with screwdriver and take end play reading. 
End play limits on the drive motor are very important. Too much end 
play causes lag in the operation of the traverse mechanism. 
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Figure 37 — Checking Drive Motor End Play 
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(4) CHECK BRUSHES. 
SCREWDRIVER, 8-in. 

Remove brush caps (screwdriver, 8-in.). Slide brushes in and out to 
be sure they move freely and make contact with commutator. Mark 
brushes so they can be replaced in the same holder and position. Re- 
move brushes. Inspect for chips, breaks, and wear. New brushes are 
1 inch long. Replace with new brushes if more than half worn or if 
damaged in any way. 

(5) CHECK ELECTRICAL OPERATION. 

POWER, electric, dc, 24 volt POWER, electric, dc, 220 volt 

Connect Al (yellow) and A2 (blue) motor leads to 220 volt direct 
current source, and F2 (green) lead to 24 volt direct current source. 
Ground 24-volt negative lead to frame of motor. Traverse motor gen- 
erator may be used to supply power. CAUTION: Do not touch 220- 
volt connections when current is flowing. Run for one-half hour. Noise 
indicates bad bearings or poles rubbing against armature. Failure to 
run indicates a short, an open, or frozen bearings. If motor operates sat- 
isfactorily and passes the preceding mechanical tests, test electrically 
as outlined in paragraph 11. 
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Figure 38 — Removing Drive Motor Castle Nut 
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Figure 39 — Removing Drive Motor Worm 
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34. DISASSEMBLY. 

a. Equipment. 
MALLET, rawhide SCREWDRIVER, 6-in. 
PAPER, wax SCREWDRIVER, 8-п. 
PLIERS SCREWDRIVER, “L” 
PRESS, arbor (fig. 102) 
PULLER, bearing (fig. 99) WRENCH, open-end, 1%-іп. 
PULLER, gear (fig. 101) WRENCH, strap (fig. 102) 

b. Procedure. 

(1) REMovE Motor Worn (figs. 38, 39, 101, and 102). 
PLIERS WRENCH, open-end, }3-in. 
PULLER, gear (fig. 101) WRENCH, strap (fig. 102) 


Remove cotter pin in castle nut on motor drive shaft (pliers). Hold 
worm (fig. 38) with strap wrench and remove castle nut and washer 
(15-іп. open-end wrench). Remove worm gear with puller (fig. 39). 
Lift off shaft key. Slide worm spacer off shaft. 


(2) REMOVE MOUNTING BRACKET (figs. 40 and 102). 

MALLET, rawhide SCREWDRIVER, “L” 
SCREWDRIVER, 8-in. (fig. 102) 

Remove three mounting bracket screws with 8-in. screwdriver. Re- 
move fourth screw with L-screwdriver (fig. 40). Tap mounting bracket 
off motor frame with rawhide mallet. Shims which adjust motor drive 
shaft end play come off with the bracket. Be careful not to damage or 
lose shims if they are to be used again. 


(3) REMOVE BRUSHES. 
SCREWDRIVER, 6-in. SCREWDRIVER, 8-in. 


Remove end cover (screwdriver, 6-in.). Remove brush caps and 
brushes (screwdriver, 8-in.). Mark brushes so they can be returned to 
same holders and positions. 


(4) REMOVE ARMATURE AND BEARINGS. 
PAPER, wax PRESS, arbor 
PULLER, bearing (fig. 99) 


Pull motor armature from frame. Inspect bearings as described in 
paragraph 35 b. (6). If bearings are to be used again, wrap them in 
clean wax paper to protect them from dirt. If necessary to remove the 
two drive shaft bearings, use arbor press and special puller (fig. 99) to 
prevent damage to races. CAUTION: Do not apply pressure to outer 
race of bearings. 
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Figure 40 — Removing Drive Motor Mounting Bracket Screw 


(5) DISCONNECT WIRING AND CAPACITORS. 
SCREWDRIVER, 6-in. 
Disconnect wires with 6-inch screwdriver (fig. 41). Remove capaci- 
tors only if necessary to replace capacitors or end bracket. 
(6) REMOVE BRUSH END BRACKET. 
SCREWDRIVER, 6-in. 


Remove four brush and mounting screws (screwdriver, 6-in.). Lift off 
brush end bracket. 
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Figure 41 — Electrical Connections on Drive Motor Brush End Bracket 
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35. INSPECTION AND REPAIR. 
a. Equipment. 


GROWLER PAPER, wax 

BLADE, hacksaw, 0.025-in., or SET, test, 2,000 volt ground 
23 gage thick SOLVENT, dry-cleaning 

OHMMETER, 0- 10 scale STRIP, thin metal 


PAPER, flint, class B, No. 2/0 


b. Procedure. 
(1) CLEAN COMMUTATOR BARS (fig. 24). 
PAPER, flint, class B, No. 2/0 PAPER, flint, class B, No. 2/0 
Rub gently with PAPER, flint, class B, No. 2/0. Do not use emery in 
any form. 
(2) INSPECT COMMUTATOR Bars (fig. 25). 
BLADE, hacksaw, 0.025-in., or PAPER, flint, class B, No. 2/0 
23 gage thick 
The commutator may be turned or worn down to lj;-inch diameter 
limit. Cut mica from between commutator bars with 0.025-inch or 23 gage 
thick hacksaw blade until mica is below the surface of commutator. Use 
motor driven undercutter, if available. Remove burs, created by cutting, 
on edge of bars (PAPER, flint, class B, No. 2/0). 
(3) TEST ARMATURE FOR SHORTS (fig. 26). 
GROWLER STRIP, thin metal 
Place armature on growler to test for shorts. Turn on current. Hold 
thin metal strip, such as 6-inch steel ruler or hacksaw blade, Ив inch, or 
less above armature. Turn armature one complete revolution. А short 
is indicated by a growl or buzz and a pull on metal strip toward growler. 
If short is found, repair as necessary or replace armature. 


(4) TEST ARMATURE FOR GROUND (fig. 28). 
SET, test (200 volt ground) 

Follow manufacturer's instructions for use of high voltage test equip- 
ment. Place prongs of high voltage test set across commutator riser and 
iron core with voltage set at 500. CAUTION: Be sure to observe all stand- 
ard safety measures when using high voltage test equipment. Be careful 
not to touch test prongs when current is flowing. Test set must be equipped 
with hand pressure switch in each prong and circuit breaker in the 
test box. If ground is found, repair as necessary or replace armature. 


(5) TEST FIELD COILS FOR OPENS AND SHORTS (fig. 29). 
OHMMETER, 0-10 scale 
Test field coils for opens and shorts with ohmmeter. See figure 29, 
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which shows motor generator field coils, for proper procedure. Follow 
equipment manufacturer's instructions for use of ohmmeter. Take read- 
ings across green (Е2) and ground (F1) wires. Limits are 8.6 to 9 ohms. 
If resistance is high or infinity, there is an open circuit. If resistance is 10 
percent or more below normal, field is shorted and should be replaced. 

(6) INSPECT BEARINGS. 

РАРЕК, угах SOLVENT, dry-cleaning 

Turn bearings several revolutions with fingers. Binding or roughness 
indicates wear, defects, or dirt. Clean bearings with SOLVENT, dry- 
cleaning. CAUTION: Do not clean double-shielded bearings. SOLVENT, 
dry-cleaning, removes the grease with which bearings are packed, and it 
is impossible to repack double-shielded bearings. If this cleaning does 
not remove the trouble, replace the bearings. CAUTION: Wrap bearings 
in clean wax paper to protect them from dirt. 


36. ASSEMBLY. 


a. Equipment. 


AIR, pressure SCREWDRIVER, 6-in. 
GREASE, special, SCREWDRIVER, 8-in. 
high temperature SET, test, 2000 volt ground 
INDICATOR, end play (fig. SLEEVES, for installing 
98) bearings (fig. 100) 
PRESS, arbor SOLVENT, dry-cleaning 
SCREWDRIVER, “L” 
(fig. 102) 


b. Procedure. 
(1) INSTALL BEARINGS. 
GREASE, special, high SLEEVES, for installing 
temperature bearings (fig. 100) 
PRESS, arbor 
Use arbor press and sleeves (fig. 100) to prevent application of pressure 
to outer bearing race. Place bearing on commutator end with closed side 
toward commutator and add approximately one teaspoon full of 
GREASE, special, high temperature. The bearing on the mounting bracket 
end is double-shielded, permanently greased by its manufacturer, and 
may be installed either side out. 
(2) INSTALL BRUSH END BRACKET. 
SCREWDRIVER, 6-in. 
Place brush end bracket in position. Insert and tighten four mounting 
screws. 
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(3) INSTALL ARMATURE. 
AIR, pressure SOLVENT, dry-cleaning 


Clean out interior of frame and bracket with air pressure. Clean bear- 
ing recesses with SOLVENT, dry-cleaning. Insert armature into frame. 


(4) INSTALL MOUNTING BRACKET AND CHECK SHAFT END PLAY 
(figs. 37, 40, 98, and 102). 

INDICATOR, end play SCREWDRIVER, “L” 
(fig. 98) (fig. 102) 
SCREWDRIVER, 8-in. 

If correct shims were saved from disassembly, place them in position 
in mounting bracket. Otherwise start with 0.015 inch of shimming. Hold 
shims in place with finger while slipping mounting bracket into position. 
Screw bracket down tight with two screws (8-in. screwdriver). Check 
shaft end play which must be between 0.006 and 0:010 inch. Push shaft 
extension end with hand to be sure bearing on brush holder end is seated 
as far as it will go into bearing recess. Install suitable end play measuring 
device (fig. 37). Insert screwdriver between commutator and bracket. 

' CAUTION: Be sure to pry on steel bushing and not on copper commu- 
tator bars. Pry shaft with screwdriver and take end play reading. End 
play limits on the drive motor are very important. Too much end play 
causes lag in the operation of the traverse. Correct shims if necessary, 
and recheck until satisfactory readings are obtained. Insert and tighten 
remaining mounting screws using 8-inch screwdriver and L-screwdriver 
(fig. 40). 


(5) INSTALL BRUSHES. 


SCREWDRIVER, 8-in. 


Install brushes. Return used brushes to same holder and position 
from which they were taken. New brushes may be installed either way. 


(6) CONNECT WIRING (figs. 41 and 42). 
SCREWDRIVER, 6-in. 


Connect yellow (А1) armature wire to brush bracket. Connect blue 
(A2) armature wire to brush bracket. The green (F2) field wire is per- 
manently connected to the field and goes to the terminal box. Do not 
connect ground (F1) wire or capacitor until ground test has been made. 


(7) TEST FOR GROUNDS. 
SET, test, 2,000 volt ground 
Follow manufacturer's instructions for use of high voltage test equip- 
ment. Set equipment at 1,000 volts. Touch one test prong to the frame 
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Figure 42 — Drive Motor Wiring Diagram 


and the other to the yellow (А1) or blue (A2) lead and then to the green 
(F2) lead. If a ground, indicated by a spark is found, repair as necessary. 
CAUTION: Observe all normal safety rules when operating high voltage 
equipment. Be very careful not to touch test prongs when equipment is 
energized. Test set must be equipped with hand pressure switch in each 
handle and circuit breaker in test box. Attach black ground wire (F1) 
to capacitor mounting screw. 
(8) INSTALL CAPACITORS (figs. 41 and 42). 
SCREWDRIVER, 6-in. 
Attach one capacitor on connection with yellow (А1) armature wire 
and the other on the connection with the blue (A2) armature wire. 
(9) INSTALL END COVER. 
SCREWDRIVER, 6-in. 
Place end cover in position. Insert and tighten four mounting screws. 


37. TESTS BEFORE INSTALLATION. 

a. Since a 220 volt direct current and a 24 volt direct current source 
are necessary for testing the drive motor, it should be tested connected to 
a traverse motor generator as described in paragraph 11. 
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38. INSTALLATION IN VEHICLE. 


a. Equipment. 


BAR, square, 38-іп. SCREWDRIVER, 6-in. 
CHISEL, cold TAPE, friction 

COPPER, soldering TAPE, rubber 

DRILL, D size (0.246-in D.) WRENCH, box, 35-in. 
HAMMER WRENCH, box, |%-іп. 
MALLET, rawhide WRENCH, open-end, }3-in. 
OIL, engine, SAE 30, 2 quarts WRENCH, socket, ¥-in., with 
PLIERS 8-in. extension 

PUNCH, center WRENCH, strap (fig. 102) 


b. Procedure for Installing Motor on Gear Box. 


(1) INSTALL Моток WORM. 


MALLET, rawhide WRENCH, strap 
WRENCH, open-end, {$ -іп. 


Fit spacer and key on motor drive shaft. Fit worm on key and tap into 
place on shaft (rawhide mallet). Install washer and castle nut. Tighten 
nut (strap wrench and 4%-іп. open-end wrench) and insert and spread 
cotter pin. 


(2) INSTALL MOTOR TENTATIVELY (fig. 36). 


Place gasket on gear box and line up holes in gasket with holes in gear 
box. A little grease between gasket and gear box housing will hold gasket 
in place. Carefully place motor in position on gear box. Insert mounting 
bolts finger tight. 


(3) CHECK BACKLASH (fig. 43). 
SCREWDRIVER, 6-in. WRENCH, box, 1 10. 


Remove motor, end cover. Check backlash between motor drive worm 
and shaft worm gear by holding handwheel stationary with one hand, 
and turning the motor armature to the right and then to the left with the 
other (fig. 43). Maximum backlash is 5 inch as measured at the circum- 
ference of the commutator. Move the wheel in steps of approximately 
1 inch, and recheck at each new position until the handwheel has made 
one complete revolution. There must be no binding at any point. Shift 
the position of the motor until the backlash comes within the above limits. 
Tighten bolts. Check freedom of motor drive gear and worm shaft by 
rotating handwheel in manual operation. If binding exists, loosen mount- 
ing bolts and readjust. 
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(4) INSTALL DOWEL PINS. 


CHISEL, cold HAMMER 
DRILL, D size PUNCH, center 


If dowel pin holes line up, insert dowel pins. If the old dowel pin holes 
do not line up, remove drive motor. Pound the old dowel pins into the 
housing hole and cut them off flush with a chisel. Recheck backlash (see 
previous step). Start dowel pin holes with center punch. Drill new holes 
¥g inch deep using holes in motor mounting bracket as a guide. Drive in 
two new dowel pins (hammer). Use pins 54-inch long by 14-inch diameter. 
Adjust backlash. Install motor end cover. 


(5) INSTALL MOTOR-GEAR Box IN VEHICLE (fig. 44). 

Place 1⁄4-in. spacer washers over vertical mounting holes on turret 
ledge. Place key in keyway on turret ring shelf. Place motor-gear box in 
position (fig. 44) on turret ledge. This is a two-man operation. Fit keyway 
on mounting bracket into place on key. Turn handwheel until proper 
mesh is obtained between traverse drive gear and turret ring gear. Insert 
vertical bolts and tighten finger tight. 


(6) ADJUST DRIVE GEAR AND TURRET RING GEAR MESH. (fig. 9). 
WRENCH, socket, 34-іп., with 8-in. extension. 


Install 0.032-in. shim on each horizontal bolt and tighten bolts. Check 
mesh of traverse drive gear and turret ring gear for backlash and binding, 
while making one complete revolution of turret with handwheel. There 
must be no binding and no noticeable backlash. The minimum clearance 
between drive gear and ring gear at the tightest point on the ring gear is 
0.002 inch. Correct shims by trial and error until desired adjustment is 
secured, then tighten vertical bolts permanently (34-in. socket wrench 
and 8-in. extension). 


(7) COoNNECT WIRING (figs. 13, 14, 15, and 16). 
COPPER, soldering TAPE, friction 
PLIERS TAPE, rubber 
SCREWDRIVER, 6-in. 


Install gunner’s switch with four bolts. Reconnect wiring at drive 
motor and generator terminal boxes. Solder connections securely, cut off 
excessive ends, and tape, first with rubber tape, then with friction tape. 
Replace ferrule nuts and terminal box covers. 
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(8) Епл, GEAR Box WITH Оп, (fig. 2). 


BAR, 3⁄4-in.square WRENCH, box, 35-in. 
OIL, engine, SAE 30 
Remove oil filler and oil level plugs (3-in. square bar and 3в-. box 
wrench). Pour in OIL, engine, SAE 30, until oil reaches oil level plug. Re- 
place plugs. 


(9) CHECK THE OPERATION OF THE COMPLETE TRAVERSE (par. 8). 
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39. DESCRIPTION. 


a. The gear box (fig. 45) contains the housing, handwheel, hub, lock 
lever, front cover, gears and flange, differential, gyro, silverstat control, 
worm shaft, and drive pinion and clutch. The disengaging and gunner's 
switches are mounted on it. 

(1) HousiNG. The housing (figs. 46 and 47) has a gear compartment 
and a gyro compartment, The topside is open for the installation of the 
drive motor. Machined bores are provided for the gears and flange, 
worm shaft large and small bearings and oil seals, tapered shaft upper 
and lower bearings and oil seals, and drive pinion upper and lower bear- 
ings and oil seal. There are 4 feet for mounting the motor-gear box in the 
vehicle. Both the gyro compartment and the gear compartment are 
enclosed with two cover plates and gaskets. 

(2) HANDWHEEL (fig. 48). 

(a) The first model handwheel is all metal with a metal knob handle. 
It is attached to the hub with 4 screws. A tongue machined on the hand- 
wheel engages a groove in the worm shaft in manual operation, and dis- 
engages from it in electrical operation. The second model handwheel 
operates just like the first, but it is constructed of plastic and has a plastic 
fold-away handle for added convenience. These two models are used on 
traverse style No. 1231700. 

(b) The third model is similar to the second in construction except 
that the hub is not detachable, and the wheel is mounted on a short shaft 
instead of fitting over the worm shaft. It is used on traverse style No. 
1234375. In electrical operation there is no physical connection between 
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Figure 45 — Motor-Gear Box — Turret Drive Gear Side 
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Figure 46 — Gear Box Housing — Front 


handwheel and worm shaft. In manual operation the tongue which en- 
gages the groove on the worm shaft is on the end of the idler gear shaft 
instead of on the extension of the handwheel. 

(3) FRONT COVER (figs. 49 and 50). There are two front cover 
models, one to be used with the detachable handwheel hub on traverse 
style No. 1231700 and one with the hub cast on the handwheel on 
traverse style No. 1234375. The only difference is the size of the oil seal 
and the handwheel mounting. The front cover seals the handwheel side 
of the gear compartment on the gear box. An oil seal prevents leaks 
around the handwheel mounting. The idler gear, attached with a mount- 
ing bolt, is a link in the gear train between handwheel and differential 
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Figure 47 — Gear Box Housing — Rear 


bevel gear in power operation. The position of the front cover on the gear 
box housing is fixed with dowel pins for which there are 2 holes. The lock 
lever attaches to the front cover with a mounting bolt. A spring is fitted 
to hold the locking arm in position. An adjusting screw on the disengaging 
arm, and another on the cover, adjust the position of the disengaging 
switch plunger in both manual and power operation. The lock lever is 
moved with the operating arm. A roller, attached to the lock arm with 
a pin, runs on the hub preventing the locking arm from rubbing on the hub. 


90 


HANDLE, FOLD-AWAY 


NAMEPLATE 


HANDWHEEL, PLASTIC. WITH 
DETACHABLE HUB 
STYLE 1231700 


HANDLE, FOLD-AWAY 


— J 


HANDWHEEL. PLASTIC. WITH 
ATTACHED HUB 
STYLE 1234375 


Figure 48 — Three Types of Handwheels 


HANDWHEEL. METAL 


HANDLE, METAL KNOB 


STYLE 1231700 


RA PD 39102 


xog AVIS 


65 
31241-6 WL 


HUB GROOVES 


COVER, FRONT, WITH 
DETACHABLE HUB 
STYLE 1231700 


ARM, LOCKING 


SEAL, OIL 


[NUT, LOCK LEVER 
[MOUNTING 


GEAR, HUB 
SHORT SHAFT | 
LEVER, LOCK - 
LEVER, LOCK 
NUT, LOCK LEVER MOUNTING 


& SPRING SLOT 


COVER, FRONT, WITH HUB, 
GEAR SHORT SHAFT 
STYLE 1234375 


ROLLER 


| ADJUSTING 


ARM, OPERATING 


SCREW, ADJUSTING 


RA PD 39103 
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SNOILVSISIGOW аму УМ SINVL WNIGAW чоч 
WSINVHO3W 9NIS33AV31 213412313 — 32NVN31NIVW JONVNGYO 


65 
31241-6 WL 


GEAR. IDLER 


BOLT, IDLER GEAR MOUNTING 
GEAR, HUB 


DOWEL PIN HOLE 


WIRE, 
LOCKING 


LEVER, LOCK 


26 


RETAINER, 
OIL SEAL 


DOWEL PIN HOLE 


COVER, FRONT, WITH HUB GEAR SHORT SHAFT STYLE 1234375 


COVER, FRONT. WITH DETACHABLE HUB STYLE 1231700 
RA PD 39104 


Figure 50 — Two Types of Front Cover — Rear 


ХОЯ 4\39 


65 
31£ZL-6 WL 


TM 9-1731E 
39 


ORDNANCE MAINTENANCE — ELECTRIC TRAVERSING MECHANISM 
FOR MEDIUM TANKS M4 AND MODIFICATIONS 


„ба. — GEAR FLANGE SPUR 
A 


` 


SCREWS. MOUNTING 


SHIM 


GEAR. FLANGE BEVEL RA PD 27106 
Figure 51 — Gears and Flange 


(4) GEARS AND FLANGE (fig. 51). The steel shaft of the flange bevel 
gear extends through the bronze flange. The flange spur gear is attached 
to it. These 2 gears connect the idler gear to the differential bevel gear 
in the gear train between handwheel and differential. Four holes in the 
flange spur gear permit access to the 4 mounting screws in the flange. 

(5) DIFFERENTIAL (fig. 52). The tapered shaft passes through the 
differential worm wheel, roller, and differential bevel gear. It does not 
contact any of these except the roller to which it is lapped until at least 
80 percent of the tapers of the shaft and roller are in contact. The 
inner spring on the upper end of the shaft holds the 2 tapered surfaces 
firmly in contact. The outer spring holds the differential worm wheel 
and bevel gear firmly in contact with the roller. These 2 springs are 
compressed and held at the correct tension by the spring cover. The 
gyro stop is attached with a key and clamping screw to the top of the 
tapered shaft. Two screws on the spring cover adjust the travel of the gyro 
stop. The differential bevel gear meshes with the flange bevel gear in 
the gear train from handwheel to differential. The roller travels on a 
plate attached firmly to the differential bevel gear and its bushing and 
another plate firmly attached to the differential worm wheel. The roller, 
installed between the plates of the differential worm wheel and bevel 
gears, has 3 roller wheels mounted on pins. Its taper, as has been pre- 
viously described, is lapped with the taper of the tapered shaft until at 
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least 80 percent of the 2 tapers are in contact (fig. 53). The differential 
worm wheel meshes with the worm of the worm shaft. It is part of: the 
matched set which also includes the worm shaft and the clutch worm 
wheel. 
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Figure 53 — Tapered Shaft and Idler 


(6) Gyro (fig. 54). The gyro is keyed to the bottom of the tapered 
shaft and turns with it. Its rating is 24 volt direct current, 6,250 to 
7,000 revolutions per minute, 1.7 amperes. Its motor and flywheel are per- 
fectly balanced. A spacer on the gyro motor fits between the silverstat 
control insulated buttons. Two carbon friction shoes, attached to the shoe 
bracket, fit against a stainless steel dampener arm on the gyro. One Чатр- 
ening spring is attached at one end to the dampener arm, and at the other 
end to the stop plate; the other to the spacer and the stop plate. The 
upper and lower gyro bearings fit in the gyro bracket and are held apart 
with a spacer. The gyro motor mounts in the gyro bracket on 2 pivot pins 
which are fitted into bearings on the motor end. A capacitor prevents radio 
interference. There are 2 leads, power (green) and ground (red). 

(7) SILVERSTAT CONTROL (fig. 55). The silverstat control consists 
of a bronze cradle, 38 silverstat leaves (19 on each side), 2 contact 
arms, and 2 banks of resistors. The silverstat leaves are mounted and 
equally spaced on the silverstat cradle. Each is connected to a tap on 
one of the resistors. The highest resistance is connected to the silverstat 
leaf nearest the spacer. Resistance values are given in figure 6. On traverse 
style No. 1231700 the silverstat control has 2 leads and is grounded on 
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the silverstat cradle (fig. 13). Оп traverse style No. 1234375 the зПуег- 


stat control has 3 leads and is grounded through the switches (fig. 14). 
(8) Worm SHAFT AND MATCHED GEARS. 


(a) Two types of worm shaft and matched gears (differential worm 
wheel and clutch worm wheel) are in use (fig. 56), cone worm shaft 
and worm wheels and straight worm shaft and wheels. Each of these 
types has a long and a short worm shaft. The long worm shaft is used 
with the handwheel with detachable hub (fig. 48). The second type is 
used with the handwheel which has an attached hub and mounts on 


the hub gear short shaft. 
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Figure 55 — Silverstat Control 


(b) The worm shaft is mounted on heavy ball bearings in the gear 
box housing (fig. 57). The heavy bronze shaft worm wheel, the link 
between the drive motor worm and the worm shaft, is slip-fitted to the 
worm shaft. А Woodruff key keeps it from turning on the shaft. The 
worm, cut on the shaft itself, connects it to the differential and clutch 
worm wheels which are matched to the worm shaft and must be per- 
fectly meshed with it to prevent binding or excessive backlash. 

(9) DRIVE PINION AND CLUTCH (fig. 58). Іп both manual and 
power operation the turret is driven through the worm shaft, clutch 
housing, and turret drive gear (fig. 3). The clutch housing encloses the 
clutch, which prevents damage to the equipment if the gun hits an 
obstruction. The clutch is set at the factory to slip at 200 foot-pounds 
torque. It is constructed of 26 bronze and 28 stee] washers in alternate 
layers (fig. 59). The steel washers have 2 flat sides which fit the gear 
shaft snugly and turn with it when the clutch slips. The bronze washers 
have 4 tabs each which fit into 4 slots in the clutch housing. One spring 
washer is placed on the top and one on the bottom of the gear shaft to 
provide a tension adjustment. The clutch is adjusted with a bolt through 
the turret drive gear shaft. The washers are lubricated with a mixture 
of oil and graphite. 
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Figure 58 — Drive Pinion and Clutch — Exploded View 
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40. OPERATING SPECIFICATIONS. 


Clearance between turret drive gear 
and turret ring веаг...................... 


Oil level 


Oil capacity 


Oil specification 


Lag between handwheel and turret 
drive gear 


Space between open silverstat con- 
trol leaves .................................... 


Fit between flange bevel gear and 
differential bevel gear 


Gears and flange to gear box сазе... 


Tapered shaft and roller 


Tapered shaft to differential worm 
wheel and differential bevel gear.. 


Worm shaft end ріау........................ 


Backlash between worm shaft and 
turret drive gear 


Friction shoe adjustment 


Backlash between drive motor worm 
and worm wheel on worm shaft 


Clutch adjustment 


Gyro motor travel 


.. 0.002 in. min (fig. 9) 


Keep oil level up to oil level plug 
(fig. 2) 


14 in. (at outside diameter of 
handwheel) max 


..0.005 in. 


Slight backlash, no binding 
Slip fit 


Contact on approximately 80 per- 
cent of shaft and roller tapers 


Slip fit 
..0.0015 to 0.0030 in. 


0 to 0.005 in. with an average at 4 
positions of 0.0025 to 0.003 in. 


Tight enough to brake gyro but 
loose enough to move along fric- 
tion plate without binding 


. Some backlash at all points. Maxi- 
mum backlash, з» inch measured 
at surface of commutator 


Must slip at 200 ft-lb torque on 
drive gear 


‚уз inch on either side of horizontal 


NOTE: The vertical and horizontal centers of the differential and 
pinion worm wheels and the worm shaft worm must line up perfectly. 
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BEARING FIT * CHART 


Tapered shaft, small bearing 
Tapered shaft, upper bearing 
Tapered shaft, lower bearing 
Gyro upper bearing 


Gyro lower bearing 

Drive pinion, upper bearing 

Drive pinion, lower bearing 

Worm shaft, large bearing 

Worm shaft, small bearing (cone worm) 
Worm shaft, small bearing (straight worm) 


41. ECHELON BREAKDOWN OF MAINTENANCE. 


Service Operation Using Arm Ordnance Personnel 
Gear box complete—Replace................ x — 


Silverstat control —Replace complete. 

CAUTION: Silverstat control parts 

cannot be герІасеай.............................. x — 
Gears and flange—Replace.................... x -- 
Handwheel апа parts—Replace.............. x — 
Front cover oil seal, hub, idler gear, 

and lock lever—Replace.................... x — 
Wiring and shielded conduit—Replace.. x — 
Glütch-Adjüst: iier nnne x — 
Clutch—Replace complete .................... -- x 
Clutch parts—Replace .......................... -- х 
Differential—Repair or геріасе.............. —- х 
Drive pinion—Repair or replace com- 

plete assembly or раг\ї$........................ -- х 
Worm shaft and worm wheels—Replace.. — х 
Housing—Replace .................................. — х 
Gyro—Replace complete ...................... — х 
Gyro—Replace motor bearings, pin- 

ion pins, dampener arm, dampener 

springs, silverstat spacer and stop. 

CAUTION: Motor parts cannot be 

replaced because of perfect dynamic 

balance requitéd 4.2 mine — x 
Friction shoes—Adjust or replace.......... — x 


*A slip fit has just enough clearance so the bearing can be installed with pressure by 
hand, but not enough to create looseness. А press fif requires an arbor press, but the 
fit must not be so tight that pressure is placed on the balls. Always check bearings 
after installation to be sure they run smoothly. 
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42. TROUBLE DIAGNOSIS CHART. 
a. Refer to paragraphs 10 and 12. 
43. REMOVAL FROM УЕНІСІЕ. 
a. Equipment. 
BAR, square, 38-їп. SCREWDRIVER, 6-in. 
CONTAINER, oil, 2-qt WRENCH, box, 35-in. 
COPPER, soldering WRENCH, box, үұ-іп. 
PLIERS WRENCH, socket, 34-in., with 


8-in. extension 

b. Procedure. 

(1) DRAIN OIL FROM GEAR Box (fig. 2). 

CAUTION: The oil must always be drained before the gear box is 
removed from the vehicle. Otherwise the drive motor may be soaked 
with oil and seriously damaged. 

BAR, square, 36-іп. WRENCH, box, 36-іп. 
CONTAINER, oil, 2-qt 

Turn turret switch to “OFF” position. Remove drain plug, and drain 
oil into suitable container which will hold at least 2 quarts. Replace drain 
plug. 

(2) DISCONNECT WIRING (figs. 2, 15, 16, and 18). 

COPPER, soldering SCREWDRIVER, 6-in. 
PLIERS 


Remove 3 ferrule nuts on drive motor terminal box (pliers). Remove 
drive motor terminal box cover (6-in. screwdriver) and disconnect all 
wires (soldering copper). Remove cover from generator terminal box 
with 6-in. screwdriver (fig. 18) and disconnect all wires (soldering cop- 
per). Remove ferrule nut on generator terminal box (pliers). Shielded 
cable from generator to gear box is removed with the motor-gear box. 


(3) REMOVE MouNTING BOLTS. 
WRENCH, socket, 34-ш., with 8-in. extension 

Loosen and remove horizontal mounting bolts (34-in. socket wrench 
with 8-in. extension), shims, and key while holding unit in place by 
hand. Since the motor-gear box weighs approximately 185 pounds, this 
is a two-man operation. Remove 2 vertical bolts (34-іп. socket wrench 
with 8-in. extension). Lift unit carefully from vehicle. Remove 14-іп. 
spacer washers from turret shelf. 


(4) REMOVE DRIVE MOTOR FROM GEAR Вох. 
PLIERS WRENCH, box, 1%-іп. 


Remove 8 mounting bolts (4;-in. box wrench) and lift motor from 
gear box. Pull 2 dowel pins from gear box on motor (pliers). 
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RA PD 39113 


¿ COVER, SPRING В 
STOP, GYRO 


SCREW, MOUNTING ——.. 
SCREW, LOCKING 
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Figure 60 — Top of Gear Box With Drive Motor Removed 


TM 9-1731Е 
44 


СЕАК ВОХ 


44. INSPECTION AND TEST BEFORE DISASSEMBLY. 


a. Equipment. 
SOLVENT, dry-cleaning 


b. Procedure. 


(1) CLEAN GEAR Box. 
SOLVENT, dry-cleaning 
Flush out gear box with SOLVENT, dry-cleaning. 


(2) CHEcK MANUAL GEAR TRAIN. 

Turn handwheel one complete revolution very slowly in manual oper- 
ation. Binding or roughness at any point indicates excessive wear or 
faulty adjustments of worm shaft, worm shaft bearings, clutch worm 
wheel, or drive pinion and clutch bearings. 


(3) CHEcK PowER GEAR TRAIN (figs. 7 and 60). 

Turn the handwheel one complete revolution in power operation. 
Binding or roughness indicates excessive wear, defective parts, or faulty 
adjustments of one or more gear box gears on bearings. Rock the hand- 
wheel back and forth in power operation and watch the action of the 
gyro stop (fig. 60). If the stop does not move freely from side to side, 
the tapered shaft or differential is defective. 


(4) CHECK ANGULAR LAG BETWEEN HANDWHEEL AND TURRET 
RING GEAR IN MANUAL OPERATION (раг. 8 с. (2) ). 


(5) CHECK FRICTION SHOES (fig. 54). 
SCREWDRIVER, 6-in. 

Remove gyro cover plate. Check friction shoes by snapping motor 
with fingers. The friction plate should move up and down between shoes 
without binding. There must be no slack between shoes and plate. Loose 
or binding shoes cause jerky action of the turret when traverse is in 
power operation and being operated with the handwheel. 


(6) DETERMINING NECESSARY DISASSEMBLY STEPS. 

The following procedure (par. 45) covers disassembly of the com- 
plete gear box. The unit should not be completely disassembled, how- 
ever, unless necessary. If the inspection in the vehicle (par. 8), the 
trouble diagnosis charts (pars. 10 and 12), and the preceding inspec- 
tions (steps (1) through (5) above) make it possible to isolate trouble, 
it will be possible, in most cases, to repair, replace, or adjust defective 
parts without complete disassembly of the unit. The following table 
gives necessary procedures for repairing, adjusting, or replacing gear box 
parts. CAUTION: Do not disassemble front cover, clutch, or gyro; 
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remove disengaging switch; remove press fit bearings;-or remove wiring 
and shielded conduit unless necessary. 


TABLE IV—PROCEDURE REFERENCES FOR REPAIRING, 
ADJUSTING, OR REPLACING GEAR BOX PARTS 


Operation 
Replace complete handwheel 
or handwheel parts. 


Replace cornplete front cov- 
er or front cover parts. 


Replace or adjust silverstat 
control. 


Replace gears and flange. 


Adjust clutch. 

Replace cone worm shaft, 
differential, or clutch 
worm wheel. 


Replace straight worm shaft. 


Replace straight clutch 
worm wheel. 


Necessary Procedure 

See specific operator’s manual. If trav- 
erse style No. 1234375 parts are used 
on traverse style No. 1231700, see 
paragraph 44 b. (7) below. 

See specific operators manual. If trav- 
erse style No. 1234375 parts are used 
on traverse style No. 1231700, see 
paragraph 44 b. (7) below. 

See specific operators manual. If trav- 
erse style No. 1234375 parts are used 
on traverse style No. 1231700, see 
paragraph 44 b. (7) below. 

See specific operator's manual. If trav- 
erse style No. 1234375 parts are used 
on traverse style No. 1231700, see 
paragraph 44 b. (7) below. 

See specific operator's manual. 

Entire set must be replaced, with 
straight gears, if possible. See рага- 
graph 44 b. (8). Complete disassem- 
bly and assembly of gear box re- 
quired. 

Complete disassembly and assembly of 
gear box, except clutch worm wheel 
and clutch and drive pinion, required. 
Replace same shimming on shaft large 
bearing end. Not necessary to fit and 
measure housing (par. 47 b. (1) 
through (3) above). 

Complete disassembly and assembly of 
gear box, except clutch and drive pin- 
ion, required. Not necessary to fit and 
measure housing (par. 47 b. (1) and 
(3) ). Take A dimension, paragraph 
47 b. (2) (b). Use same worm shaft 
and differential shimming. 
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Орега!ісп Месеззагу Procedure 


Replace straight differential ^ Disassembly steps (8), (9), (11). and 
worm wheel. (13) below only, in paragraph 45 b. 
necessary. Adjust shimming (par. 47 
b. (14), so differential side A dimen- 
sion is the same as A dimension on 

clutch worm wheel side (fig. 77). 


Replace drive pinion and Complete disassembly and assembly of 
clutch complete. gear box required. 


Replace drive pinion and Complete disassembly and assembly of 
clutch, parts. gear box and of drive pinion and 
clutch assembly required. 


Replace differential parts, ^ Disassembly steps (8), (9), (11), and 
except worm wheel. (13) only, in paragraph 45 b. neces- 
sary. Adjust shimming (par. 47 b. 
(14) ), so differential side A dimen- 
sion is the same as A dimension on 

clutch worm wheel side (fig. 77). 


Replace gyro complete. Not necessary to remove drive motor 
from gear box. Drain oil (par. 43 b. 
(1) ). Invert unit. Remove silverstat 
control and gyro (par. 45 b. (8) and 
(9) ). Replace gyro. Reassemble and 
readjust gyro and silverstat control 
(par. 47 b. (18) and (19) ). 


Replace gyro parts. As above, except disassemble gyro (par. 
45 b. (10) ) and replace defective 
parts (par. 47 b. (17) ). 


(7) REPLACING PARTS ON TRAVERSE STYLE No. 1231700 witH 
PARTS FROM TRAVERSE STYLE No. 1234375. Since only a limited num- 
ber of traverse style No. 1231700 have been built, all spare parts now 
being shipped are those used on traverse style No. 1234375. These parts 
are interchangeable with parts for traverse style No. 1231700 except 
cover plate, worm shaft, commander’s switch, and silverstat control 
(par. 5). Changes necessary if any of these spare parts for traverse 
style No. 1234375 are used on traverse style No. 1231700 are given in 
the following table. 
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TABLE V—CHANGES NECESSARY WHEN USING TRAVERSE 
STYLE No. 1234375 PARTS ON TRAVERSE STYLE No. 1231700 


Part Replaced on Traverse 
Style No. 1231700 


Handwheel, front cover 
(complete or parts), or 
worm shaft. 


Additional Changes Necessary If Traverse 
Style No. 1234375 Parts Are Used 


If any of these parts are changed, all 
must be changed. Complete disassem- 
bly and assembly of the gear box is 
required. 

Silverstat control. Ground black lead in gear box terminal 
box with red gyro motor lead (fig. 
15). Connect white wire from silver- 
stat control to black wire in gear box 
terminal box. Connect brown wire 
from silverstat control to red wire in 
gear box terminal box. 


(8) REPLACING CONE MATCHED GEAR SETS (WORM SHAFT, DIF- 
FERENTIAL AND CLUTCH WORM WHEELS). Due to slight variations in 
gear box housing bore dimensions, slight variations in gear dimension, 
and the close tolerances necessary for the proper operation of cone gears, 
cone gear sets should be matched to housings. For this reason, straight 
gear sets should be used to replace cone gear sets in the field. If cone 
gear sets only are available for replacement, it will be necessary either 
to try different cone gear sets until one can be found which will operate 
smoothly and satisfy back lash requirements (par. 47 b. (10), (11), 
and (12), or to replace the complete gear box and use the good parts 
of the defective unit for spare parts. 


45. DISASSEMBLY. 


a. Equipment. 


BAR, soft metal 

CLUTCH, test jig (fig. 110) 

COPPER, soldering 

DRIFT, soft metal 

HAMMER, light 

MALLET, rawhide 

PLIERS 

PULLER, bearing (fig. 103) 

PULLER, clutch worm wheel 
(fig. 104) 

PULLER, drive pinion lower 
bearing (fig. 105) 

PULLER, handwheel (fig. 103) 
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PULLER, shaft worm wheel 
(fig. 103) 

PUNCH, center 

ROD, wooden (1 in. diam and 
4 in. length) 

SCREWDRIVER, 4-in. 

SCREWDRIVER, 6-in. 

SCREWDRIVER, 8-in. 

VISE 

WRENCH, Allen, 4%-in. 

WRENCH, Allen, ў;-іп. 

WRENCH, box, 1⁄2-in. 

WRENCH, box, -т. 
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WRENCH, box, 3⁄4-in. WRENCH, open-end, ү;-іп. 
WRENCH, offset or socket, WRENCH, “Т” or socket, З'в-іп. 
4}-in. WRENCH, “T” or socket, with 
WRENCH, open-end, 38-іп. 4-in. extension, +ү%-1п, 


b. Procedure. 

(1) REMOVE WIRING AND SHIELDED CONDUIT (fig. 61). 
COPPER, soldering SCREWDRIVER, 6-in. 
PLIERS 

шы SHIELDED ТО MOTOR TERMINAL BOX 


NAMEPLATE 


— 
— 
BOX, GEAR BOX TERMINAL | | 
Í NUTS, FERRULE 


CREWS AND WASHERS, MOUNTING RA PD 51191 


Figure 61 — Removal of Handwheel 
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Remove gear terminal box cover with 6-in. screwdriver (fig. 61). Re- 
move 3 ferrule nuts (pliers). Disconnect all wires in terminal box (solder- 
ing copper). Remove rigid shielded conduit and enclosed wires to drive 
motor terminal box. Remove flexible shielded conduit and wires to gener- 
ator terminal box. 


(2) REMOVE HANDWHEEL (TRAVERSE STYLE No. 1231700). 
SCREWDRIVER, 4-in. SCREWDRIVER, 8-in. 


Early models were equipped with a metal handwheel; later models 
have a plastic handwheel with fold-away handle (fig. 48). The pro- 
cedure for removing both is the same. Remove screws and name plate 
on handwheel with 4-їп. screwdriver (fig. 61). Remove 4 mounting 
screws, wheel, and gasket (8-in. screwdriver). 

(3) REMOVE HANDWHEEL (TRAVERSE STYLE No. 1234375). 

PULLER, handwheel WRENCH, box, 3⁄4-in. 
(fig. 103) 


This procedure is the same as that outlined above except the hand- 
wheel is attached by an elastic stop nut (34-іп. box wrench) and there 15 
no name plate. If the handwheel sticks to the shaft, remove with special 
puller (fig. 103) to avoid damaging it. 

(4) REMOVE DISENGAGING SWITCH (fig. 62). 

SCREWDRIVER, 6-in. 

CAUTION: Do not remove unless necessary. 

Remove 2 mounting screws with 6-in. screwdriver. Remove switch 
and rigid shielded conduit as a unit. 

(5) REMOVE SIDE COVER, AND FRONT AND SIDE GYRO COVERS 
(fig. 2). 

SCREWDRIVER, 8-in. 
Remove screws and lock washers in side cover (8-in. screwdriver). 


Remove side cover and gasket. Repeat above operations for front and 
side gyro covers. 


(6) REMOVE AND DISASSEMBLE FRONT COVER WITH DETACHABLE 
Нов (figs. 49, 50, and 62). 


DRIFT, soft metal SCREWDRIVER, 6-in. 
HAMMER, light WRENCH, box, ¥2-in. 
PLIERS WRENCH, box, ў;-іп. 
SCREWDRIVER, 4-in. WRENCH, open-end, -+%-їп. 


CAUTION: Do not disassemble unless necessary. This complete as- 
sembly is interchangeable. 
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А —SCREW, MOUNTING Н — SCREW, ADJUSTING 
B — COVER, FRONT I — LEVER, LOCK 
C — HUB, HANDWHEEL J — NUT, LOCK 
D — BOLT, MOUNTING K — SCREW, ADJUSTING 
Е — FLANGE, LOCK LEVER L — PLUNGER 
Е — STOP, LOCK LEVER М — SWITCH, DISENGAGING 
С — NUT, LOCK N — CONDUIT, SHIELDED 
RA PD 51190 


Figure 62 — Disengaging Switch Installed 
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A — SILVERSTATS E — CRADLE, SILVERSTAT 
В — SPACER Е — BOLT,CLUTCH ADJUSTING 
C — BUTTONS, INSULATED С — СЕАК, DRIVE 


D — SCREW, ALLEN MOUNTING H — WASHER, LOCK 
RA PD 58218 


Figure 63 — Silverstat Installed 
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Remove 7 mounting bolts and lock washers with -%-іп. open-end 
wrench (fig. 62). Remove front cover. If necessary to disassemble front 
cover proceed as follows: Remove lock lever mounting bolt nut, washer, 
and spacer ( У;-ап. box wrench). Remove lock lever, spring, and spacer. 
Remove lock wire on hub gear mounting screws (pliers). Remove hub 
gear mounting screws (4-in. screwdriver). Remove hub gear and hub. 
Remove 4 screws from oil seal retainer (6-in. screwdriver). Remove 
retainer. Remove oil seal with soft metal drift and light hammer. Hold 
idler gear with screwdriver and remove nut (+%-in. box wrench). Remove 
mounting bolt and idler gear. 


(7) REMOVE AND DISASSEMBLE FRONT COVER WITH Нов ATTACHED 
TO HANDWHEEL (figs. 49 and 50). 

This procedure is the same as that described in the preceding step 
except that the hub gear is a part of the short shaft and is free to be 
removed as soon as the handwheel and front cover are removed, and there 
is no oil seal retainer. 


(8) REMOVE SILVERSTAT CONTROL (figs. 55 and 63). 
SCREWDRIVER WRENCH, Allen, ;3;-in. 


Invert unit and rest gear box on 2 pieces of wood thick enough to 
prevent damage to the gyro stop mechanism. Remove 6 bottom cover 
mounting screws (screwdriver). Remove bottom cover and gasket. Re- 
move 3 silverstat control Allen mounting screws. Remove silverstat con- 
trol. CAUTION: Handle the silverstat control with care and keep it 
clean at all times. It is replaceable as a complete assembly only. 


(9) REMOVE Суко (figs. 54, 64, and 65). 
SCREWDRIVER, 6-in. 


Remove locking screw (6-in. screwdriver). CAUTION: Locking screw 
must be completely removed, not just loosened. Lift out gyro, friction 
shoes, shoe bracket, spacer, and lower bearing. Lift out bearing spacer, 
upper gyro bearing, washer, and shaft key. The upper and lower gyro 
bearings are slip-fitted on both races and can be removed from tapered 
shaft and bearing without a puller. 

(10) DISASSEMBLY OF Суко (fig. 54). 

PLIERS WRENCH, Allen, Ув-іп. 
SCREWDRIVER, 6-in. 

CAUTION: Do not disassemble unless necessary. Complete assembly 
is interchangeable. 

Remove dampening springs. Loosen pivot ріп set screws ( /-іп. Allen 
wrench). Remove pivot pins (pliers). Lift out motor. Remove all lock- 
ing wires (pliers). Remove stop plate, silverstat spacer, and dampening 
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_ BRACKET, SHOE 


END OF TAPERED 
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SCREW, LOCKING — 


SPACER 
BEARING, GYRO, LOWER 


GYRO COMPARTMENT 
RA PD 39114 


Figure 64 — Removing Gyro Locking Screw 
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ЗНАНА TAPERED —— = À 


| 


SPACER, BEARING BEARING, UPPER RA PD 39115 
Figure 65 — Gyro Compartment — Upside Down — with Gyro Removed 


arm (6-in. screwdriver). CAUTION: Since parts of the motor cannot 
be replaced or repaired because of perfect balance required, it is never 
necessary to disassemble the motor. 


(11) REMOVE INNER AND OUTER SPRINGS, SPRING COVER, AND GYRO 
SToP (figs. 52, 60, and 66). 


SCREWDRIVER, 6-in. SCREWDRIVER, 8-in. 


Remove locking screw and washer (6-in. screwdriver), gyro stop, and 
key from top of gear case (fig. 60). Remove 4 mounting screws and 
spring cover (8-in. screwdriver). Lift out inner and outer springs, spring 
support, and washer (fig. 66). 


(12) REMOVE GEARS AND FLANGE (figs. 51 and 67). 
SCREWDRIVER, 8-in. 


Line up holes in flange spur gear with screws in flange and remove 4 
screws (8-in. screwdriver). Remove gears and flange and shims, if any, 
between flange and gear box housing. Save and protect shims if parts 
are to be replaced. 
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(13) REMOVE TAPERED SHAFT AND DIFFERENTIAL (figs. 52, 68, and 
69). 


BAR, soft metal PULLER, bearing (fig. 104) 
HAMMER PUNCH, center 
MALLET, rawhide ROD, wooden (1-іп. diam and 
PULLER, bearing (fig. 103) 4-іп. length) 

(2) 


With gear case in inverted position again, tap out tapered shaft with 
wooden rod and hammer. If necessary, remove tapered shaft small bear- 
ing (slip fit). Remove roller, which is now free. Stand case on bottom and 
remove tapered shaft upper bearing (slip fit) with wire puller and bar 
lever for prying. Remove the differential worm wheel which is now free. 
Remove differential bevel gear. This gear is slip-fitted in bearing. If it 
comes out hard, pry gently with a wooden rod. Remove tapered shaft 
lower bearing. This bearing is slip-fitted in housing. Use wire hook and 
bar lever, if necessary (fig. 69). Remove shims and protect them from 
damage as they can be used again. Do not remove the 2 oil seals unless 
they are defective or housing is being replaced. If necessary to remove 


А 


SHAFT, TAPERED _ 


RA PD 39116 


Figure 66 — Inner and Outer Springs Installed 
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FLANGE | 
MOUNTING HOLE! 


FLANGE 


HOLE IN FLANGE | 
SPUR GEAR | 
GEAR, FLANGE 


FLANGE SCREW HOLE 
GEAR, FLANGE BEVEL 


PLACE SHIMS HERE 


= RA PD 51192 


Figure 67 — Removing Bevel and $риг Gears with Flange Assembly 


oil seals, knock them out with hammer and punch. Oil seals cannot be 
used after they have been removed. 


(14) INSPECT WORM SHAFT. 

Inspect shaft end play and the backlash between the worm shaft and 
the clutch worm wheel before disassembling. To do this, follow pro- 
cedure in paragraph 47 b. (10) through (12). Unless excessive end play 
or backlash can be eliminated by shimming, gears must be replaced. 


(15) REMOVE Worm ЗНАЕТ (figs. 57, 70, 71, and 103). 


MALLET, rawhide PULLER, shaft worm wheel 
PRESS, arbor (fig. 103) 
PULLER, bearing (fig. 103) SCREWDRIVER, 8-in. 


WRENCH, box, (іп. 


Remove bearing cover plate bolts (1%-іп. box wrench). Remove bear- 
ing cover plate, gasket, and shims. Save shims and protect them from 
damage as they can be used again. Remove 4 bearing retainer screws 
(8-in. screwdriver). Remove bearing retainer and shims. Save shims 
and protect them from damage as they can be used again. CAUTION: 
Do not remove bearings or worm wheel unless replacing worm shaft or 
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~ 


+ 


ROD, WOODEN 


TN SHAFT, TAPERED 


4 BEARING, TAPERED 
\ SHAFT, LOWER 


WHEEL, DIFFERENTIAL WORM RA PD 58230 


Figure 68 — Removing Lower Tapered Shaft Bearing 
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PULLER, BEARING | 


, LEVER, BAR | 


BEARING, TAPERED 
SHAFT, LOWER 


SHIM 


RA PD 58231 


Figure 69 — Removing Lower Tapered Shaft Bearing 
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bearings. To remove worm shaft small bearing use puller (fig. 103). Tap 
out shaft and worm shaft large bearing with rawhide mallet (fig. 70). 
If straight gears are used, remove shaft and bearings by turning shaft out 
past clutch worm wheel. CAUTION: Do not remove bearings unless nec- 
essary. To remove press fit bearing use arbor press. CAUTION: Be very 
careful not to apply pressure to outer race of bearings. Remove shaft 
worm wheel and key (slip fit). If fit is tight, it may be necessary to use 


gear puller (fig. 71). 


SHAFT, WORM 


BEARING, WORM SHAFT. LARGE RA PD 39119 


Figure 70 — Removing Worm Shaft and Worm Shaft Large Bearing 
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(16) REMOVE DRIVE PINION AND CLUTCH (figs. 58, 63, 72, 73, 74, 
and 75). 


BAR, soft metal ROD, wooden (1-in. diam. and 

HAMMER 4-in. length) 

MALLET, rawhide SCREWDRIVER, 6-in. 

PLIERS WRENCH, offset or socket, 

PULLER, bearing (fig. 105) 45-і. 

PULLER, drive ріпіоп lower WRENCH, “T” or socket, with 
clutch worm wheel (fig. 104) Алп, extension, ¥-in. 

PUNCH, center WRENCH, “T” or socket, with 


4-іп. extension, ;4-in. 


WHEEL, WORM 


j) | š 
} N 
SHAFT. WORM RA PD 39120 


Figure 71 — Removing Worm Shaft Worm Wheel 


Remove cotter key in castle nut (pliers). Hold turret drive gear with 
soft metal bar and remove castle nut (1%-іп. offset or socket wrench) 
(fig. 72). Remove 2 washers and shaft key. Remove clutch worm wheel 
with special puller (fig. 73). Remove key. Remove locking wire on 
bearing retainer mounting bolts (pliers). Remove bearing retainer mount- 
ing bolts (1%-іп. or 38-11. T- or socket wrench with 4-in. extension). Two 
bolt head sizes have been used on this application. Remove bearing 
retainer. Remove oil seal, drive pinion upper bearing, and shims by 
pushing upon them with drive pinion and clutch housing. If necessary, 
turn housing upside down, remove clutch cover plate (6-in. screwdriver), 
and pound on clutch adjusting bolt (fig. 63) until oil seal slips out of 
housing bore (rawhide mallet). Mark the turret drive gear and clutch 
housing with center punch and hammer so they can be put together in 
the same position. Remove the clutch housing through the top of the 
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NUT. CASTLE 


HOUSING, CLUTCH 


GEAR, TURRET DRIVE 


BAR E М RA PD 39121 


SOFT METAL 


Figure 72 — Removing Castle Nut on Clutch Housing 


gear box housing (fig. 74). Remove the turret drive gear through the 
side of the gear box housing. The drive pinion lower bearing, a slip fit in 
the housing, comes out with the turret drive gear. CAUTION: Do not 
remove drive pinion lower bearing from turret drive gear unless neces- 
sary. To remove lower bearing use jig, rawhide hammer, and wooden 
rod (fig. 75). Remove shims, if any, in bearing bore. Save shims and 
protect them from damage as they can be used again. 


(17) DISASSEMBLY OF CLUTCH (figs. 59 and 110). 
JIG, clutch test (fig. 110) WRENCH, open-end, 35-in. 
VISE 
CAUTION: Do not disassemble clutch unless parts are broken or 
worn and must be replaced. The complete assembly is replaceable. To 
disassemble, place clutch housing in jig clamp. Insert key. Place clamp in 
vise. Remove clutch cap nut (3%-їп open-end wrench). The clutch cap, 
2 spring washers, 28 steel washers, and 26 bronze may now be slipped 
off the turret drive gear shaft. 


46. INSPECTION AND REPAIR. 
a. Equipment. 


FILE PRUSSIAN BLUE, paste in oil 
PAPER, wax SOLVENT, dry-cleaning 
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Figure 73 — Removing Clutch Worm Wheel 
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GEAR. TURRET DRIVE 


BEARING.DRIVE PINION, LOWER i p RA PD 39133 


Figure 74 — Removing Clutch Housing 


b. Procedure. 

(1) INSPECT ALL PARTS VISUALLY. 

Look for excessive wear, breaks, or other physical damage. 

(2) CLEAN ALL PARTS THOROUGHLY WITH SOLVENT, Dry- 
CLEANING. 

(3) INSPECT BEARINGS. 

PAPER, wax SOLVENT, dry-cleaning 

Turn bearings several revolutions with fingers. Binding or roughness 
indicates wear, defects, or dirt. Clean bearings with SOLVENT, dry- 
cleaning. CAUTION: Do not clean double shielded bearings. SOLVENT, 
dry-cleaning, removes the grease with which bearings are packed, and 
it is impossible to repack double shielded bearings. If this cleaning does 
not remove the trouble, replace the bearings. CAUTION: Wrap bearings 
in clean wax paper to protect them from dirt. 


(4) CHECK SILVERSTAT CONTROL, 


FILE 


` Check silverstat control visually for bent leaves, broken wires, or other 
physical damage. Insert gyro motor spacer between insulated buttons. No 
contacts should be closed on either side. File posts on insulated buttons 
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MALLET, RAWHIDE 


PIN, WOODEN 


BEARING, DRIVE 
| PINION, LOWER 


GEAR, TURRET DRIVE 
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CLUTCH 


| © 
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Figure 75 — Removing Drive Pinion Lower Bearing 
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if contacts are closed. In early models one contact was closed on each 
side, but this is not necessary. 


(5) CHECK Fir BETWEEN TAPERED SHAFT AND ROLLER TAPERS. 
PRUSSIAN BLUE, paste in oil 

Approximately 80 percent contact between shaft and roller tapers is 
necessary. Place a small amount of PRUSSIAN BLUE, paste in oil, on 
taper of roller, fit shaft, and turn it in roller. Remove shaft. Surfaces in 
contact will be colored blue. To lap, use jig (fig. 106) and Time Saver 
lapping compound, 60 medium, or equivalent. See paragraph 47 b. (13), 
for correct procedure and equipment. 


(6). Firs AND TOLERANCES. 


All other inspections must be made as the gear box is disassembled 
or assembled. If parts do not fit or work properly during assembly, make 
adjustments suggested in assembly procedure; then replace parts, if 
necessary, and retest. In most cases identical parts are interchangeable. 
Some assemblies, however, may require more shimming than others, due 
to slight dimensional variations. 


47. 


a. 


ASSEMBLY. 
Equipment. 
AIR, pressure 
BAR, soft metal 
CHISEL, cold 
CLOTH, crocus 
COMPOUND, lapping, 60 me- 
dium or equivalent, Timesav- 
er Products Co., 31 South 
Desplaines Street, Chicago, 


JIG, lapping (fig. 106) 

MALLET, rawhide 

MICROMETER, depth 

OIL, hydraulic 

PAPER, production, 9/0 320 
grit, or equivalent, Minnesota 
Mining and Mfg. Co., St. Paul, 
Minn. 


Illinois PLIERS 
COVER, spring, cutaway (fig. PLIERS (long-nosed) 
94) PRESS, arbor 


DRILL, D-size (0.246-in. diam) 
FILE 

FLASHLIGHT 

GAGE, feeler 

GLASS, magnifying, 5-power 
GRAPHITE, amorphous 
HAMMER 

INDICATOR, dial (fig. 109) 
JIG, clutch test (fig. 110) 
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PULLER, gear (fig. 104) 
PUNCH, center 
SCREWDRIVER, 4-in. 
SCREWDRIVER, 6-in. 
SCREWDRIVER, 8-in. 
SCREWDRIVER, 10-in. 
SLEEVE, bearing installation 
(fig. 108) 
SOLVENT, dry-cleaning 
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"HOUSINC — RA PD 58214 


Figure 76 — Sanding Gear Box Housing 


TOOL, measuring (figs. 78, 81, 
and 83) 

TOOL, oil seal installation, large 
(fig. 107) 

TOOL, oil seal installation, 
small (fig. 107) 


VISE 

WOOD, approx. 2 x 4 x 12-in. (2 
pieces) 

WRENCH, adjustable, single- 
end, 8-in. 


WRENCH, Allen, 1⁄4-in. 
WRENCH, Allen, 3%-їп. 


WRENCH, box, 4;-in. 
WRENCH, box, %-іп. 
WRENCH, box, 45;-in. 
WRENCH, offset or socket, 15- 
in. 
WRENCH, open-end, 35-in. 
WRENCH, open-end, ү%-1п. 
WRENCH, socket, 3⁄4-in. 
WRENCH, “T” handle or sock- 
et, with 4-in. extension, 3⁄4-in. 
WRENCH, *T" handle or sock- 
et, with 4-in. extension, 1%-іп. 


b. Procedure. 
(1) Fir Six BEARINGS AND GEARS AND FLANGE TO HOUSING (figs. 46, 
47, and 76). 
AIR, pressure 
PAPER, production, 9/0 320 Minn. 
grit, or equivalent, Minnesota SOLVENT, dry-cleaning 
Fit drive pinion upper bearing. Sand housing bore approximately 3% 
, inch deep until bearing can be slip-fitted. Sand entire surface of bore 
evenly to keep bore as round as possible. Fit drive pinion lower bearing, 
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CENTERLINE OF CENTER OF ARBOR 
FACE CURVATURE /AND CENTER OF 

| / WORM SHAFT 

| TOP OF GEAR ne 


\ BOX HOUSING 

| / IDENTIFIED SURFACE 

DIFFERENTIAL ' | / Боом. / 

WORM WHEEL | | ^ `RADIUS / CLUTCH 
и WORM 


ROLLER: 


DIFFEREN- 


TIAL BEVEL DRIVE PINION 
UPPER 


GEAR 

„7 BEARING 

SHIM ^ КА Е "OIL SEAL 
LOWER TAPERED/ P | 

SHAFT BEARING/ \ ARBOR ~~CLUTCH 


HOUSING 


/ 


/ 


OIL SEALS $e 
TURRET DRIVE \ 003 TO 
GEAR RIVE PINION ‘CLEAR. 
— R- 
LOWER BEARING - / INCE 
SHIM 
RA PD 58215 


Figure 77 — Vertical Alinement of Worm Shaft, Differential, and 
Clutch Worm Wheels 
worm shaft large bearing, worm shaft small bearing, shaft upper tapered 
bearing, shaft lower tapered bearing, and gears and flange in the same 
manner. The case must be absolutely clean before parts are assembled in 
it. Wash it twice, or more often, if necessary, with SOLVENT, dry-clean- 
ing. Blow out all bores and all corners of the case with pressure air. 


(2) MEASURE HOUSING TO INSURE VERTICAL ALINEMENT OF WORM 
SHAFT AND DIFFERENTIAL AND DRIVE У/ОЕМ WHEELS (figs. 77, 78, and 
79). 

MICROMETER, depth TOOLS, measuring (fig. 78) 
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ARBOR NO. 1 


DEPTH MICROMETER % 


BUSHING МО. 1 
КА PD 39127 


Figure 78 — Tools for Securing А Dimension 


(a) “This measurement must be taken before parts are assembled in 
the gear box housing, but shims, of course, are not actually installed until 
worm wheels are assembled. To obtain proper operation and maximum 
gear efficiency, it is necessary that the center line of the worm shaft and 
the center of curvature of both the differential worm wheel and drive 
worm wheel faces lie in the same plane as shown in figure 77. The center 
lines from the identified surface of the worm wheels are 0.500 inch plus 
or minus 0.001 inch; therefore, if the top (identified) surfaces of the gears 
are located properly, the gears will be located correctly with respect to 
the worm shaft. 


(b) A Dimension. 


Secure A dimension from top of gear box housing to top of worm wheels 
(fig. 79). Insert bushing No. 1 (Tool No. A23 J 991 T5 IT 1) in worm 
shaft small bearing bore. Insert arbor No. 1 through worm shaft large 
bearing bore and bushing No. 1. With depth micrometer, take A dimen- 
sion from top of housing to top of arbor. Record A dimension. Remove 
measuring equipment. The arbor No. 1 is exactly 1.000 inch in diameter; 
then from the top of this arbor to the center line of the worm shaft bore 
is exactly 0.500 inch. Since the center line of curvature of the worm wheel 
faces is also 0.500 inch plus or minus 0.001 inch from the top (identified 
surfaces) of the gears; then if both top surfaces are located at the A dimen- 
sion from the top of the housing case, the worm wheels and worm shaft 
will be in their correct relative positions. This is accomplished by shims 
as described in step (8) below. Some shims are always necessary. 
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DEPTH MICROMETER — 


WORM SHAFT SMALL 
BEARING BORE 


k... 


BUSHING NO. 


ARBOR МО. 1 


WORM SHAFT LARGE 
BEARING BORE 


|.“ TOP OF ARBOR 


CENTER OF ARBOR 


RA PD 39128 


Figure 79 — Securing Worm Shaft A Dimension 
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BEARING WORM WHEEL LINE 
RETAINER OF CENTERS 
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| WORM WHEEL | TEETH CURVATURE 
HOUSING V^ | / | CENTER OF HOUSING 
Ñ | X | SHAFT WORM 
WORM 
SHAFT 
LARGE WORM SHAFT 
BEAR- 
ING BEARING 
NS. 
WORM BEARING 
SHAFT MER 
CLUTCH GASKET 
WORM 
WORM- SHAFT WORM WHEEL 
SHAFT SHOULDER 
EXAMPLE NO. | 
ғ SHIM HERE 
| И ЈЕ ENDPLAY 
p ^] IS MORE y 
Ш | THAN 003 
[A 
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НМ fe | | IF ENDPLAY 
HERE — æd 15 LESS 
j ЎЎ THAN.OO!' 


SES 


SAS ANAS 


NS 


EXAMPLE NO.3 


RA PD 51349 


Figure 80 — Horizontal Alinement of Worm Shaft, Differential, and 
Clutch Worm Wheels 
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(3) MEASURE HOUSING TO DETERMINE SHIMS NECESSARY TO IN- 
SURE HORIZONTAL ALINEMENT OF WORM SHAFT AND DIFFERENTIAL 
WorM WHEEL AND DRIVE WORM WHEEL (figs. 80, 81, 82, 83, 84, and 85). 

PRESS, arbor TOOL, measuring (fig. 81) 
SLEEVE, for bearing installa- TOOL, measuring (fig. 83) 
tion (fig. 108) 

(a) When cone gears are used the shaft worm envelopes both differ- 

ential and clutch worm wheels. It is therefore very important that the 


d Ps LEVER, LOCK 


%> 


г 


INDICATOR. САС 


STANDARD MEASURE 
(4.918 IN.) 


JIG SHOULDER 


a 
` < BUSHING NO. | 3 ы 


Figure 81 — Tools for Securing В Dimension 
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center line of curvature of the worm teeth is coincident with the line of 
centers passing through the 2 worm wheels (fig. 80). The following meas- 
urements insure the proper location of worm with respect to the worm 
wheels. When straight gears are used, this particular curvature of the 
worm does not exist, but the same dimensions are taken to facilitate the 
assembly of the shaft worm wheel in its proper location. 


(b) Install worm shaft large bearing with sleeve (fig. 108) and arbor 
press. If the inner race of the bearing is marked “THRUST НЕКЕ) this 
surface must be located against shoulder of worm shaft. If the outer race 
is marked “THRUST HERE,” the inner race on the opposite side of the 
bearing must be located against the shoulder of the worm shaft. 


LEVER, LOCK 


INDICATOR, DIAL 


SHAFT, WORM 


BEARING, LARGE 


“В” DIMENSION WORM SHAFT 


JIG SHOULDER 


STANDARD MEASURE 


(4.918 IN.) 
RA PD 39130 


Figure 82 — Measuring B Dimension 
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BUSHING NO. І 
THUMB SCREW 


ата", яй E 
< 1 [ 
== > diy DEPTH MICROMETER” ® 
CLAMP 


\ BUSHING NO. 2 Я RA РО 39131 


Figure 83 — Tools for Measuring C Dimension 
(c) В Dimension. 


В dimension is Ше measurement from outer thrust face of worm shaft 
large bearing to top shoulder of shaft. The purpose of the jig (fig. 81) is 
to remove slack in the thrust bearing and thereby give accurate measure. 
Place standard measure (4.918 in.) in fixture and set dial indicator to 
read “ZERO” when set on top of standard measure. Remove standard 
measure. Place worm shaft and bearing in jig (fig. 82). Fit bushing No. 3 
(Tool No. A23 J J 991 F4) over worm shaft. Lock with lock lever to 
take up bearing play. Take dial reading with indicator arm on shoulder 
of worm shaft. Take height of standard measure (4.918 in.) plus or minus 
dial reading to get dimension from thrust side of worm shaft large bearing 
to top shoulder of shaft. Record B dimension. Remove measuring tools. 

(4) C Dimension (fig. 84). 

C dimension is the measurement from the machined bearing retainer 
locating surface at worm shaft large bearing end of housing to a line pass- 
ing through the center of both the drive and differential bores. Necessary 
tools are shown in figure 83. Insert tapered bushing No. 1 (Tool No. A23 
J991 Т5 IT1) in lower drive pinion bearing bore. Insert arbor No. 3 so 
that large tapered section fits snugly in upper drive pinion bearing bore 
and the longer 1.000-inch diameter section is located in bushing No. 1. 
Insert bushing No. 2 (Tool No. A23 1991 T5 ITS) in bottom bearing bore 
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Figure 84 — Measuring С Dimension 
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MICROMETER ROD 


RETAINER, 
WORM SHAFT 
LARGE BEARING 


уч 


ВА PD 39133 


Figure 85 — Measuring D Dimension 


on differential side. Locate arbor No. 2 so that large tapered diameter fits 
snugly in tapered shaft upper bearing bore and the 1.000 inch section of 
arbor locates in bushing No. 2. Locate clamp over the upper ends of arbors 
No. 2 and No. 3 and position.very close to the shoulder of arbor No. 3. 
Tighten in position by means of the thumbscrews. With depth micrometer, 
measure dimension C from worm shaft large bearing retainer to surface 
of clamp. Record C dimension. Remove measuring tools. 


(e) Р Dimension. 

D dimension is the retaining depth of worm shaft large bearing retainer 
(fig. 85). Use depth micrometer for this measurement. This dimension 
must be taken since the bearing protrudes beyond the housing surface 
and is retained by this cap. Record D dimension. 


( The above dimensions В, С, and D, are taken so that the required 
amount and the location of shimming can be determined to insure the 
proper location of drive and differential worm wheels with relation to the 
shaft worm (fig. 80). This is possible because the dimension from the 
center of curvature of the worm teeth to the shoulder of the shaft is 2.437 
inches plus or minus 0.001 inch (fig. 82). Then В- (C + D + 2.437) = 
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thickness of shimming necessary. If B is equal to (C + D + 2.437) no 
shimming is required. If B is less than (C + D + 2.437) the difference 
represents the amount of shimming between the housing retainer face and 
the retainer cap. If B is greater than (С + D + 2.437) the shims locate 
between outer race of thrust bearing and inside shoulder of retainer cap. 
Examples of the 3 above conditions follow: 


Example No. 1 
B equal to (C + D + 2.437); no shims required. 
B= 4.838 in. 
C= 2.382 in. 
D = 0.019 in. 


C + D + 2.437 = 4.838 
Thus no shims required. 


Example No. 2 


B smaller than (С + D +- 2.437); 0.004-inch shims required between 
bearing retainer and bearing. 


B — 4.836 in. 
C — 2.383 in. 
D — 0.020 in. 


C + D + 2.437 — 4.840 
4.840 — 4.836 — 0.004-inch shims required 
between bearing retainer and bearing. 


Example No. 3 


B larger than (C + D + 2.437); 0.002-inch shims required between 
housing and bearing retainer. 


B — 4.836 in. 
C= 2.379 in. 
D — 0.018 in. 


C + D + 2.437 = 4.834 
4.836 — 4.834 — 0.002-inch shims required 
between housing and bearing retainer. 


(4) ASSEMBLE CLUTCH (Яе. 59). 
GRAPHITE, amorphous WRENCH, open-end, 38-іп. 
OIL, hydraulic 
Be sure all parts are free from dirt, grease, or other foreign matter. Dip 
washers in mixture of OIL, hydraulic (8 parts by weight), and GRAPH- 
ITE, amorphous (1 part by weight). Stir mixture thoroughly before ap- 
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plying to washer Place one spring washer over shaft, dish side down. Place 
steel washer on shaft. Place bronze washer on shaft. Alternate steel and 
bronze washers until 28 steel and 26 bronze washers have been assembled. 
Place one spring washer on shaft, dish side up. Line up tabs on bronze 
washers. Place cap on end of shaft with hole over dowel pin. Place washer 
on clutch bolt and insert it through shaft into nut in cap. Tighten clutch 
adjusting bolt as firmly as possible (38-1. open-end wrench) while hold- 
ing clutch with hand. Place clutch housing over washers, lining up tabs 
and slots in clutch housing as necessary. 


(5) Тевтікс CLUTCH (ће. 110). 
JIG, clutch test (fig. 110) WRENCH, open-end, 35-in. 
VISE 
Insert clutch housing shaft in jig clamp. Insert key. Place clamp in vise. 
Attach jig lever to turret drive gear. Tighten clutch adjusting bolt (3-in. 
open-end wrench) till clutch will just move under a minimum of 200 foot- 
pound torque. Remove testing equipment. The method of adjusting torque 
applied to the clutch to get the 200 foot-pounds required is given in 
section IX. 


(6) INSTALL DRIVE PINION LOWER BEARING AND FIT DRIVE PIN- 
ION UPPER BEARING. 


PAPER, production, 9/0 320 PRESS, arbor 
grit, or equivalent, Minnesota SLEEVE, bearing installation 
Mining and Mfg. Со, St. (fig. 108) 
Paul, Minn. 

Install drive pinion lower bearing with special sleeve (fig. 108) and 
arbor press. CAUTION: Be sure not to apply pressure to outer race of 
bearing. Slip fit drive pinion upper bearing on clutch housing by sand- 
ing housing. Bearing cannot be installed until drive pinion and clutch 
have been placed in the gear box housing. 


(7) INSTALL DRIVE PINION AND CLUTCH (figs. 58, 72, 73, 74, 77, 
86, 87, and 107). 


BAR, soft metal WRENCH, offset or socket, 

GAGE, feeler 43-in, 

HAMMER WRENCH, “T” handle or 

MALLET, rawhide socket, with 4-in. extension, 

PLIERS туса. 

PUNCH, center WRENCH, “Т” handle ог 

TOOL, oil seal installation, socket, with 4-in. extension, 
large (fig. 107) 38-їп. 


(a) Check fit of clutch housing and clutch and select the position 
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Figure 86 — Installing Clutch Housing Oil Seal 
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п 


й 


MALLET, RAWHIDE 


WHEEL, CLUTCH WORM 


RA PD 39135 
Figure 87 — Installing Clutch Worm Wheel 


which allows the most freedom between the 2 parts. With hammer and 
center punch prick mark clutch housing and turret drive gear so they 
can be replaced in the same relative positions. Pull clutch housing from 
turret drive gear and clutch. Insert turret drive gear and clutch through 
side of housing and clutch housing through top of gear box housing. 
Line up prick marks and reassemble clutch housing and gear (fig. 74). 
Do not assemble oil seal at this time. Install bearing on clutch housing 
so that snap ring on bearing locates on housing shoulder (fig. 58). 
This is a slip fit. Place bearing retainer in position over bearing. Insert 
2 bolts only and tighten (;%-in. or ¥-in. socket wrench with 4-in. exten- 
sion). With feeler gage check clearance between bottom of clutch hous- 
ing and surface on turret drive gear (fig. 77). This clearance should be 
between 0.003 to 0.006 inch. If clearance is insufficient, add shims be- 
tween snap ring of upper bearing and housing shoulder; if clearance 
is too great, add shims under bottom bearing. 


(b) After proper clearance has been established, remove bearing 
retainer and bearing and install oil seal, all metal side facing turret 
drive gear, with special tool (fig. 86). CAUTION: Do not forget to install 
the oil seal. Reassemble bearing and bearing retainer and secure with 
4 bolts (15 or %-in. T-handle socket wrench with 4-in. extension). 
Secure these bolts by wiring to each other through holes in the heads 
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Figure 88 — Measuring Clutch Worm Wheel A Dimension 


of the bolts (pliers). Tap worm wheel gently into position with raw- 
hide mallet (fig. 87). Do not assemble key until proper gear height has 
been established. When using cone gears, the side marked, “A B” must 
be up. On other make gears, the manufacturer’s stamp must be up. 
Install washer. Install and tighten nut (4%-in. offset or socket wrench). 
Hold turret drive gear with soft brass rod or equivalent. This procedure 
is the same as that shown in figure 72 except the soft bar is held on 
the opposite side of the turret drive gear so the castle nut can be tight- 
ened instead of loosened. 


(8) MEASURE A DIMENSION (DRIVE SIDE) AND INSTALL NECES- 
SARY SHIMS (figs. 73, 77, 88, and 104). 
MICROMETER, depth PULLER, gear (fig. 104) 
PLIERS 
With depth micrometer, take dimension from top of gear box housing 
to top of clutch worm wheel (fig. 88). As described in step (2) above, 
this dimension must be the same as the dimension from the top of the 
gear box to the top of Arbor No. 1 in order to line up the worm shaft 
and the clutch worm wheel as shown in fig. 77. Remove nut. Remove 
gear with special puller (fig. 73). Add necessary shims between worm 
wheel and inner race of bearing so the A dimension is satisfied (fig. 77). 
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Reassemble clutch worm wheel and again secure with nut and washer. 
Recheck А dimension and readjust shims if necessary. Remove nut and 
washer. Insert key and tap into position. Replace washer and nut and 
tighten nut permanently. Insert cotter key and bend back ends (pliers). 
CAUTION: Do not forget the key. 


(9) INSTALL Worm 5НАЕТ (figs. 57 апа 108). 


COMPOUND, lapping, 60 PRESS, arbor 
medium, or equivalent, PUNCH, center 
Timesaver Products Co., 31 SCREWDRIVER, 8-in. 
South Desplaines Street, SLEEVES, for bearing installa- 
Chicago, Ill. tion (fig. 108) 
HAMMER SOLVENT, dry-cleaning 
MALLET, rawhide WRENCH, box, 14-п. 


PAPER, production, 9/0 320 
grit, or equivalent, Min- 
nesota Mining and Mfg. St. 
Paul, Minn. 


The worm shaft large bearing was installed in step (3) above. Slip 
fit drive motor worm wheel on worm shaft, gear side toward shaft shoul- 
der. Line up keyways in worm wheel and shaft. Tap worm wheel into 
position against shoulder of shaft (rawhide mallet). If straight worm 
gear is used, install worm shaft small bearing with sleeve (fig. 108) 
and arbor press. If inner race of bearing is marked “THRUST HERE,” 
locate this surface against shoulder of shaft. If outer race is marked 
“THRUST HERE,” the inner race of the opposite side of the bearing 
must be located against the shoulder of the worm shaft. Insert shaft 
with bearings and shaft worm wheel installed into position, turning shaft 
as necessary to mesh shaft worm and clutch worm wheel. If cone gears 
are used, slip fit worm shaft small bearing (9/0 320 production paper 
or equivalent). Insert shaft into housing with large bearing and shaf: 
worm wheel installed. Fit shaft worm and clutch worm wheel by turn- 
ing and shifting shaft as necessary. Tap worm shaft small bearing into 
position (rawhide mallet). Add necessary shims as determined in step 
(3) (£) above. This shimming must always be done before shimming 
for required end play at small bearing end of shaft as in step (11) 
above. Install bearing retainer with cut out section facing differential 
side of housing. Insert 4 screws and tighten (8-in. screwdriver). Stake 
screws (center punch and hammer). Add shims to small bearing end 
as needed to secure smooth operation of shaft. If shaft turns hard, add 
shims between bearing retainer and gear box housing. If shaft is 
loose, add shims between bearing retainer and outer race of bearing. 
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Figure 89 — Checking Worm Shaft End Play 


CAUTION: Be sure that some end play is present at this time. Install gas- 
ket and bearing cover on housing with 4 lock washers and bolts. Tighten 
bolts (1%-іп. box wrench). 


(10) CHECK OPERATION OF УУОЕМ SHAFT. 
COMPOUND, lapping, 60 SOLVENT, dry-cleaning 
medium, or equivalent, 
Timesaver Products Co., 31 
South Desplaines St., Chi- 
cago, Illinois 
Rotate worm shaft. Rotation must be free and smooth. If rotation is 
not free and smooth, recheck center line measurements, and correct 
shims if an error is found. If measurements are correct and operation 
still is not satisfactory, lap in worm and clutch worm wheel until de- 
sired operation is obtained. Use only a small amount of lapping com- 
pound at a time. Lap gears back and forth, at rough spot oniy. Do not 
lap all around worm wheel if not necessary. Clean off lapping compound 
with SOLVENT, dry-cleaning. 


(11) CHECK END PLAY oF WORM ЗНАЕТ (figs. 80, 89, and 109). 
INDICATOR, dial (fig. 109) SCREWDRIVER, 10-in. 
Install dial indicator so prong rests on handwheel end of worm shaft. 
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With 10-in. screwdriver move turret drive gear back and forth. Take 
end play reading on dial indicator. Total movement of indicator finger 
as drive gear is moved back and forth shows the end play of the shaft. 
Remove bearing retainer plate on small bearing end of worm shaft and 
adjust shims (fig. 80) as necessary to hold end play between 0.001 and 
0.003 inch. CAUTION: Be sure to observe 0.001-inch minimum. 


(12) CHECK BACKLASH BETWEEN CLUTCH WORM WHEEL AND 

SHAFT Worm (figs. 90 and 109). 
INDICATOR, dial (fig. 109). 

Set dial indicator gage with prong against face of a clutch worm wheel 
tooth. Move turret drive gear with fingers and take backlash reading. 
Repeat at 3 other positions of clutch worm wheel. Limits are 0 to 0.005 
inch at any point and an average of 0.0025 to 0.0030 inch. If backlash 
exceeds these limits and cone gears are used, a complete gear set, in- 
cluding differential worm wheel and clutch worm wheel, must be re- 
placed; however, if straight worm set is used, any one of the worm 
wheels or worm shafts may be replaced by another which will give 
required backlash. 


(13) INSTALL TAPERED SHAFT AND DIFFERENTIAL (figs. 52, 91, 92, 
93, 106, and 107). 


COMPOUND, lapping, 60 PAPER, production, 9/0 320 
medium, or equivalent, grit, or equivalent, Min- 
Timesaver Products Co., 31 nesota Mining and Mfg. Co, 
South Desplaines Street, St. Paul, Minn. 

Chicago, Illinois SOLVENT, dry-cleaning 

JIG, lapping (fig. 106) TOOL, oil seal installation, 

MALLET, rawhide small (fig. 107) 


Fit differential worm wheel to upper tapered shaft bearing. Be sure 
that bearing lies flat on surface of gear. Sand worm wheel housing, if 
necessary, to secure slip fit. Fit differential bevel gear to lower tapered 
shaft bearing, also a slip fit. Fit differential worm wheel and differential 
bevel gear to tapered shaft. Sand, if necessary, to secure running fit (a 
running fit allows 2 parts to move without appreciable friction between 
them). Fit roller to tapered shaft, if not already fitted. Use jig (fig. 106) 
and Timesaver lapping compound or equivalent. Turn shaft back and 
forth with jig knob. Continue lapping operation until approximately 
80 percent of shaft taper is in contact with roller taper. Surfaces in con- 
tact will be gray from the lapping compound. CAUTION: Remove lap- 
ping compound thoroughly with SOLVENT, dry-cleaning. Install 2 oil 
seals in housing, all metal side down with oil seal installation tool (fig. 
107) and rawhide mallet. Place lower tapered shaft bearing in housing 
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Figure 90 — Checking Backlash Between Clutch Worm Wheel 
and Worm Shaft 
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Figure 91 — Lapping Roller and Tapered Shaft Tapers 


(slip fit) (fig. 92). Place differential bevel gear in lower tapered shaft 
bearing (slip fit). Hold differential worm wheel in position with hand 
and tap upper tapered shaft bearing into position in housing bore and 
also against shoulder of gear with rawhide mallet (fig. 93). Place roller 
between differential worm wheel and differential bevel gear. Install 
tapered shaft small bearing. Sand shaft as necessary to secure slip fit. 
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Figure 92 — Differential Assembled in Housing 
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Figure 93 — Tapping Worm Wheel into Upper Tapered Shaft Bearing 
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Insert tapered shaft. CAUTION: Тар gently into position with raw- 
hide mallet, to avoid cutting oil seals with shoulder of shaft. 


(14) ALINEMENT OF DIFFERENTIAL WORM WHEEL (figs. 77, 94, 
and 95). 

COVER, spring, cutaway (fig. MICROMETER, depth 
94) 

Install pressure springs and spring cover as described in step (16) 
below, using cutaway cover. Do not install gyro stop. Measure A dimen- 
sion from top of gear box housing to top of differential worm wheel with 
depth micrometer (figs. 94 and 95). This dimension must be the same 
as that from the top of the gear box housing to the top of the clutch 
worm wheel (step 8). Remove pressure springs, spring cover, tapered 
shaft, and differential and add necessary shims under snap ring on lower 
tapered shaft bearing (fig. 77). Some shims will always be necessary. 
Reassemble differential and tapered shaft (step (13) ). 


(15) INSTALL GEARS AND FLANGE (figs. 51 and 67). 
HAMMER SCREWDRIVER, 8-in. 
PUNCH, center 
Check to be sure flange rotates freely on flange bevel gear shaft. If 
flange does not rotate freely and without looseness, replace it. Install 
assembly in housing (push fit) so flange is flush against housing. Check 
for backlash between differential bevel gear and flange bevel gear by 
holding one and rotating the other slightly. If tight, add 0.005-inch 
shims until slight backlash is obtained. Line up holes in flange spur gear, 
flange, and gear box. Insert 4 screws and tighten (8-in. screwdriver). 
Stake screws (hammer and center punch). 


(16) INSTALL PRESSURE SPRINGS, SPRING COVER, AND GYRO STOP 
(figs. 52, 60, and 66). 
HAMMER SCREWDRIVER, 8-in. 
PUNCH, center 
Place washer.on top of tapered shaft upper bearing (fig. 66). Place 
spring support, with larger inside diameter down, over tapered shaft small 
bearing. Place inner spring over spring support. Place large outer spring 
on top of large washer. Place spring cover over springs with gyro stops 
toward side opposite handwheel. Insert and tighten 4 screws (8-in. screw- 
driver). Stake each screw at ends of screwdriver slots with center punch 
and hammer (fig. 60). Fit key and stop to shaft. Underside of stop must 
be clear of spring cover and mid point of arm opposite threaded holes of 
stop bracket. Insert lock washer and screw and tighten (8-in. screwdriver). 
Manually rotate worm shaft by means of shaft worm wheel and check 
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Figure 94 - Measuring Differential Worm Wheel А Dimension — 
Top View 
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Figure 95 — Measuring Differential Worm Wheel А Dimension — 
Side View 
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for any binding action. Also rotate flange gear by hand and check for 
undue friction, especially after the gyro shaft reaches the stop. Such fric- 
tion may be caused by tightness between differential worm wheel and 
tapered shaft, tightness between differential bevel gear and tapered shaft, 
differential worm wheel plate or differential bevel gear plate not true with 
their respective gear bores, eccentric tapered shaft, insufficient backlash 
between differential bevel gear and flange bevel gear or improper differ- 
ential worm wheel positioning. All these probable causes of trouble should 
be checked in case of difficulty, and necessary adjustments made. Install 
2 adjusting screws and nuts on spring cover. Adjustment of these screws 
is made after gyro and silverstat control have been installed. 


(17) ASSEMBLE Суко (figs. 54 and 96). 


CLOTH, crocus PLIERS (long-nosed ) 

MALLET, rawhide RULE, 6-in. 

PAPER, production, 9/0 320 SCREWDRIVER, 6-in. 
grit, or equivalent, Minne- SOLVENT, dry-cleaning 
sota Mining and Mfg. Co., St. WRENCH, Allen, %-іп. 
Paul, Minn. 

Tap 2 bearings gently into gyro motor bores with rawhide mallet. Sand 
bores if necessary to secure light press fit. Insert pivot pins with fingers. 
Polish pins with CLOTH, crocus, if necessary, to secure slip fit. Use an- 
other pin if fit is loose. Check operation of bearing by turning pins with 
fingers. If roughness is found, clean bearings thoroughly in SOLVENT, 
dry-cleaning. Discard bearings if roughness cannot be removed by clean- 
ing. Attach dampener arm with 2 screws and lock washers. Attach silver- 
stat spacer with 2 screws and lock washers. Attach stop plate with 2 screws 
and lock washers. Wire the heads of each of the 3 sets of 2 screws to- 
gether through holes in heads of screws and twist ends of wire securely 
(long-nosed pliers). Slip fit upper and lower bearings in gyro bracket 
(production paper). Insert set screws half way into bracket (%-in. 
Allen wrench). Remove pivot pins, place motor in position in bracket, 
and insert pins. Center motor in bracket with screwdriver. Tighten set 
screws on flats of pins. Install dampening springs, adjusting screws, and 
nuts as shown in figure 54. Tighten adjusting screws until there is slight 
tension on each spring and the motor is approximately horizontal when 
bracket rests on a level surface. Using rule, adjust springs so center mark 
on motor shaft is at the same height from a level surface as the center 
mark on the pivot pins. With bracket on level surface, bend stop plate in 
or out so maximum travel of gyro motor in either direction is zx inch. 
Use 6-in. rule with j;-in. graduations to take measurements. Tip motor 
up and down as far as possible to find travel. Be careful to hold motor 
firmly on level surface while taking readings. 
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Figure 96 — Checking Gyro Travel 
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(18) INSTALL Суко Моток (figs. 64, 65, and 97). 
AIR, pressure SOLVENT, dry-cleaning 
PLIERS (long-nosed) WOOD, approx. 2 x 4 x 12-in. 


SCREWDRIVER, 4-in. (2 pieces) 
SCREWDRIVER, 6-in. 


Invert unit and rest gear box on 2 pieces of wood thick enough to pre- 
vent damage to the gyro stop mechanism. Clean out gyro chamber of 
housing, if necessary, with low pressure air and with SOLVENT, dry- 
cleaning. Place washer on tapered shaft. Place key in position on tapered 
shaft (fig. 65). Press key into position (long-nosed pliers). Place gyro 
upper bearing on shaft, snap ring next to housing. Place gyro bearing 
spacer over shaft on bearing. Place gyro lower bearing in gyro bracket, 
snap ring toward gyro motor. Place shoe bracket with shoes in place over 
friction plate, and tighten shoes sufficiently to hold bracket in position to 
slide over end of tapered shaft (4-in. screwdriver). With one hand place 
gyro in position over shaft while inserting spacer held in pliers with other 
hand (fig. 97). Fit keyway in spacer over key on shaft. Fit shoe bracket 
keyway over key in shaft. Insert locking screw being careful to line up 
screw with groove in tapered shaft. Lock bracket in position by tightening 
locking screw with 6-in. screwdriver (fig. 64). Loosen friction shoes, but 
not enough to let friction shoes drop down. Check gyro bracket for end 
play on tapered shaft. If bracket is not fitted snugly, loosen locking screw, 
push shoe bracket against bearings, and retighten locking screw. Tighten 
outside shoe bracket until all slack between shoe and friction plate has 
been removed but friction shoes still move up and down freely on friction 
plate. Snap gyro with finger to check action. Friction plate and shoes must 
be free of oil and grease or satisfactory action cannot be obtained. 


(19) INSTALL SILVERSTAT CONTROL (fig. 63). 

FILE GLASS, magnifying, 5-power 
FLASHLIGHT WRENCH, Allen, 35-in. 

Set spacer parallel to handwheel side of gear box by turning worm 
shaft. Feed silverstat control leads into terminal box while placing silver- 
stat control into position. The leads cannot be inserted after control has 
been placed in position. Slide insulated buttons between spacer as silver- 
stat control nears its final position. Place 3 lock washers and mounting 
screws in position and tighten screws finger-tight. Mounting holes in 
silverstat cradle are oversize. Using 5-power magnifying glass and flash- 
light, shift cradle until spacer centers with no leaves closed. File posts on 
insulated buttons, if necessary, but be sure not to file posts any more than 
necessary to open closed contacts. Posts should touch one leaf on each 
side but not close any leaves with spacer in neutral. Tighten mounting 
screws ( 3%-їп. Allen wrench). Position gasket on bottom of gyro chamber. 
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Place bottom cover in position, insert 6 mounting screws, and tighten 
firmly. 


(20) ASSEMBLE FRONT COVER WITH DETACHABLE Нов (figs. 49 
and 50). 


HAMMER SCREWDRIVER, 4-in. 
MALLET, rawhide SCREWDRIVER, 6-in. 
PLIERS WRENCH, box, 1⁄2-in. 
PUNCH, center WRENCH, box, ;';-in. 


Tap oil seal into position with rawhide mallet (figs. 49 and 50). Install 
idler gear, rounded tooth side away from cover (6-in. screwdriver and 
тр-іп. box wrench). Assemble lock lever. Place spring in recess on lever 
with straight end in lever slot and bent end in small hole near mounting 
stud. Install bolt, add spacer and washer, and tighten elastic stop nut 
(1⁄2-in. box wrench). Install oil seal retainer plate (6-in. screwdriver) and 
stake screws (center punch and hammer). Hold down lock lever and in- 
sert hub through hole in front cover with grooves on lever side. Place 
hub gear on hub with rounded teeth side next to cover. These rounded 
teeth facilitate meshing with the idler gear. Insert screws and tighten 
(4-in. screwdriver). Lock screws with locking wire (pliers). Be sure hub 
turns freely. 


(21) INSTALL FRONT COVER WITH DETACHABLE HUB (fig. 62). 


CHISEL, cold PUNCH, center 
DRILL, D-size (0.246 in. diam.) WRENCH, box, ү;-іп. 
HAMMER 


Position front cover in oversize mounting holes so there is no binding 
between idler gear and flange spur gear. Turn hub to check. Screw in 7 
mounting bolts finger-tight. If the original dowel pin holes do not line up, 
remove front cover. Pound dowel pins into housing holes and cut them 
off with a chisel. Replace front cover and recheck for binding. When 
cover is properly adjusted start dowel pin holes with center punch and 
hammer. Drill new holes 3⁄4 inch deep, using holes in front cover as a 
guide. If hub turns tight, put one drop of oil on oil seal. Tighten 4 front 
cover corner mounting bolts (j;-in. box wrench). Tighten remaining 3 
front cover mounting bolts. Recheck mesh of idler gear and flange spur 
gear to be sure tightening front cover did not make gears bind. Install 
5⁄4 inch long by 1⁄4 inch diameter dowel pins. 


(22) ASSEMBLE AND INSTALL FRONT COVER (WITH HUB GEAR 
SHORT SHAFT) (figs. 49 and 50). 
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The procedure for assembly and installation is the same as that for 
models with detachable hub except as follows: The hub gear is attached 
to a short shaft on which the handwheel mounts. There is no oil seal 
retainer. 


(23) INSTALL SIDE COVER, AND GYRO SIDE AND FRONT COVERS 
(fig. 2). 

SCREWDRIVER, 8-in. WRENCH, adjustable, single- 
end, 8-in. 

Put gasket on cover. Stick gasket to cover with small spot of grease. 
Place countersinks of holes out. Put lock washers on screws, and screw 
cover to housing. Tighten screws firmly by turning screwdriver with 8-inch 
single-end adjustable wrench, or equivalent. Repeat above operation for 
gyro front and side covers. 


(24) INSTALL DISENGAGING SWITCH (fig. 62). 
SCREWDRIVER, 8-in. 


Place lock washers on screws. Hold switch in position on gear box 
housing. Insert screws and tighten (8-in. screwdriver). 


(25) INSTALL HANDWHEEL AND SET DISENGAGING SWITCH (METAL 
WHEEL OR PLASTIC WHEEL WITH DETACHABLE HUB) (figs. 61 and 62). 


HAMMER SCREWDRIVER, 8-in. 
PUNCH, center WRENCH, open-end, ;';-in. 
SCREWDRIVER, 4-in. 


Install wheel on hub with 4 mounting screws (8-in. screwdriver). Stake 
screws (center punch and hammer). Install name plate with 2 screws 
(4-in. screwdriver). Adjust lock lever disengaging arm adjusting screw 
so the plunger of the disengaging switch will protrude not more than 
Іш inch in manual operation (4-in. screwdriver and --іп. open-end 
wrench) (fig. 62). In electrical operation the adjusting screw must not 
touch the switch plunger. Adjust the locking arm adjusting screw so the 
locking arm will clear the hub when changing from one type of operation 
to the other. 


(26) INSTALL HANDWHEEL AND SET DISENGAGING SWITCH (HUB 
САЅТ ОМ HANDWHEEL). 
WRENCH, socket, 3⁄4-in. 


This procedure is the same as outlined in the preceding step except the 
handwheel slips over the short shaft and is fastened with one elastic stop 
nut, and there is no name plate. 
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48. TESTS BEFORE INSTALLATION. 


a. Allnecessary tests on the gear box are made during the assembly 
procedure. After the unit is completely assembled, it is necessary only to 
turn the handwheel several revolutions to be sure the operation is smooth 
and there is no excessive binding or looseness in either manual or power 
operation. 


49. INSTALLATION IN VEHICLE. 


a. Follow procedure in paragraph 38. 
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50. SPECIAL TOOLS AND EQUIPMENT. 


a. Need for Special Equipment. Repairs on the electric traverse can 
be made faster and better if the tools specified in each operation are used. ` 
Some of these tools are not standard and will have to be ordered. 


b. Special Tools Required. Tools which will have to be ordered 
special or made up from detailed blueprints and specifications are as 
follows: 

Tool Figure No. Westinghouse Tool No. 


Tools for securing dimension A 79 A-23-J-991-T-5 (Items 1-2) 
Tools for securing dimension B 81 A-23-J-991-F-4 (3 parts) 
Tools for securing dimension C 83 A-23-J-991-T-5 (Items 3-7) 
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Figure 99 — Drive Motor and Motor Generator Bearing Puller 
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Figure 100 — Motor Generator and Drive Motor Bearing 
Installation Sleeves 
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Figure 101 — Drive Motor Worm Puller 
163 


TM 9-1731E 
50 


ORDNANCE MAINTENANCE — ELECTRIC TRAVERSING MECHANISM 
FOR MEDIUM TANKS M4 AND MODIFICATIONS 


77 WRENCH, STRAP 


— SCREWDRIVER, `L RA PD 51193 


Figure 102 - L-Screwdriver and Strap Wrench 
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Figure 103 — Shaft Worm Wheel Puller, Handwheel Puller, 
and Bearing Puller (Wire, Large) 
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Figure 104 — Clutch Worm Wheel Puller and Bearing Puller (Wire, Small) 


Tool 
Motor generator end play indi- 
cator 


Drive motor end play indicator 


Motor generator and drive motor 
bearing puller 


Motor generator and drive motor 
bearing installation sleeves 


Drive motor worm puller 
L-screwdriver 


Strap wrench 


Shaft worm wheel puller 

Hand wheel puller 

Bearing puller (wire, large) 

Clutch worm wheel puller 

Bearing puller (wire, small) 

Drive pinion lower bearing puller 

Lapping jig 

Gear box oil seal installation tool 
(large) 

Gear box oil seal installation tool 
(small) 

Drive pinion lower bearing in- 
stallation sleeve 

Worm shaft small bearing instal- 
lation sleeve 


Figure No. Westinghouse Tool No. 
98 99200 R 122 
98 99200 S 122 
99 A-6B6229-T1 
100 A-6B6223-T1 
101 A-23-J-991-T-28 
102 Ordnance TGEXIA or 
A-23-J-991-T-3 
102 7 to 2 in. ordnance pipe strap 
wrench or 
4-93056-9-9200-P22 
103 A-23-J-989-T-2 
103 A-23-J-991-T-27 
103 А-23-1-989-Т-3 
104 А-23-)-989-Т-1 
104 A-23-J-989-T-4 
105 A-23-J-991-T-29 
106 А-23-]-991-Е-10 
107 А-23-]-991-Т-14 
107 А-23-]-997-Т-6 
108 А-23-Ј-991-Т-15 
108 А-23-]-991-Е-12 
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Figure 105 — Drive Pinion Lower Bearing Puller 
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Figure 106 — Lapping Jig 


RA PD 39154 


SMALL 
Figure 107 — Gear Box Oil Seal Installation Tools 
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LA 


SLEEVE, INSTALLATION, 
WORM SHAFT 
SMALL BEARING 


[SLEEVE, INSTALLATION, 
WORM SHAFT 
LARGE BEARING 


| 


SLEEVE, INSTALLATION, 
[suy PINION LOWER BEARING RA PD 39155 


Figure 108 — Installation Sleeve for Drive Pinion Lower Bearing and 
Worm Shaft Large and Small Bearings 


Tool Figure No. Westinghouse Tool No. 
Worm shaft large bearing instal- 
lation sleeve 108 A-23-J-991-T-15 


Dial indicator for measuring 
worm shaft end play and back- 
lash between clutch worm 
wheel and worm shaft worm 109 99200 Т 122 


Clutch test jig (see paragraph e. 
below) 110 A-6B 6222-Т1 


Cradle for drive motor test 111 A-6B 6221-T1 


e. Use of Clutch Test Jig. The following procedure should be used 
in figuring the torque applied to the clutch when using the jig shown in 
figure 110. Find the weight of the bar, W. Find the center of gravity of 
the bar. Find the distance from the center of gravity of the bar to the 
center of hole in bar for clutch bolt, D1. Find the distance from the point 
of suspension of the weight to the center of the hole for the clutch bolt, 
D2. Keep all distances in feet and weights in pounds. Then solve the fol- 
lowing equation for weight required to just move the clutch, W2: 

(W1x D1) + (W2 x D2) = 200 ft. Ib. 


d. High Voltage Test Set Procurement Data. Westinghouse 1⁄2 
KVA, 25-30 cycles, 50-60 cycles, 110-220 volt primary, 2,000 volts 
maximum, 20 steps, type IB, style No. 595851. 
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CLAMP INDICATOR, DIAL 


Figure 109 — Dial Indicator for Measuring End Play and Backlash 
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DETAIL OF 
CLAMP 


TOOL МО. А-6В6222-ТІ 


VISE JAW VISE JAW 


CLUTCH 
CLAMP ЗНАЕТ KEY 


ISe в. Зама. 132 DIA. DETAIL OF 3⁄4 DIA. 


HOLE 2HOLES LEVER HOLE 
CLUTCH Two в" DIA. BOLTS 2/2“ 
HOUSING LONG: NUTS &WASHERS LEVER 
CLAMP- 6 
VISE ` 
JAW 
TURRET 
SUPPORT- —DRIVE GEAR WEIGHT 
RA PD 39157 


Figure 110 — Clutch Test Jig 
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SPECIAL TOOLS AND EQUIPMENT 
w verde 
134 2" 
= + 
ps 
г 
HOLD-DOWN ESI ве THICK 
BAND, 1416 ТО „7 ма FELT РАО 
lg THICK Z Кат 
STEEL. g^ №. FORK 
IN / | / 
а Ви WING NUT 
МОТ PIN, | Ж 
к i WASHER 
t г 1 
LET ха, IN 
СЛ. C. ш 
g^ NO. 10-32 
Vig | SWINGING 
\ SCREW 
ps | 
аа бай ny ТІСІН Та“ DIA. 
M. ES Я Г PIVOT PIN 
| IN 16 
ии 
CRADLE 
TOOL NO. А-686221-Т1 
SCREW EYE _ WING NUT 
19 
im l2 “| SCREW 
RA PD 39159 


Figure 111 — Cradle for Drive Motor Test 
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Section X 
INSTRUCTIONS FOR PACKING, SHIPPING, AND STORAGE 
Paragraph 
Packing ‘and вбіршепё........ анна ots сексен нымы ӨЗ 
Units received from зогаре......................... " КЕЛУУ 302 
Units prepared for storage: oce ene Xen OS 


51. PACKING AND SHIPMENT. 


a. Nest small unserviceable parts for shipment to rear echelon in 
crumpled newspapers, or wrap them in corrugated board. Packing should 
be at least 34-in. thick at all points. IMPORTANT: Do not use shredded 
paper, excelsior, or other packing material consisting of small particles. 
Bolt motor generator through four mounting feet to shipping crate. Block 
drive motor, gear box, or motor gear box securely with 1!4-inch thick 
pieces. 

b. Pack parts in an enclosed box made from 34-inch wood or panelled 
plywood with 38-х 135-inch cleats. The maximum allowable gross weight 
per box is 200 Ibs. Line the interior of the box with water proof paper 
(govt. spec., type C). 


52. UNITS RECEIVED FROM STORAGE. 


a. Interior parts of assembled units are oiled or greased sufficiently 
to protect them from corrosion indefinitely. Remove grease proof paper 
in which all parts are wrapped. COMPOUND, rust-preventive, light, used 
on exposed metal parts of drive pinion and clutch, silverstat control, bear- 
ings, drive motor and motor generator shafts, gyro motor and flywheel, 
capacitors, oil seal, handwheel, and switches, need not be removed on 
installation as it can be used as a lubricant. Remove COMPOUND, rust- 
preventive, light, used on all exposed metal parts except those listed 
above, with SOLVENT, dry-cleaning, after which a thin film of OIL, lubri- 
cating, preservative, light, should be applied to the parts. 


53. UNITS PREPARED FOR STORAGE. 


a. Clean all surfaces to which corrosive preventive is to be applied 
with SOLVENT, dry-cleaning. With a brush apply COMPOUND, rust- 
preventive, light, to exposed metal parts of drive pinion and clutch, silver- 
stat control, drive motor and motor generator shafts, gyro motor and fly- 
wheel, capacitors, oil seal, handwheel, and switches. 


b. Мо units need to be exercised during storage. 
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Section XI 


REFERENCES 


Standard nomenclature 1і565. ........................ жм T 


Explanatory publications ына парения 


54. STANDARD NOMENCLATURE LISTS. 


a. Cleaning, preserving, and lubricating materials; re- 
coil fluids, special oils, and miscellaneous related 
Пе ъз sine wasanmi me Ev — esa tere’ А 


b. Tank Materiel. 
Tank; medium; M4.......... oo reete tac vor eee 


Tank, medium, M4A4 .......................................... 
Tank, medium, МАА 1... оне 


Current Standard Nomenclature Lists are as tabu- 
lated here. An up-to-date list of SNL's is main- 
tained as the “Огдпапсе Publications for Sup- 
ply Index „антин И Mic agat 


55. EXPLANATORY PUBLICATIONS. 


a. Maintenance and Inspection. 
Automotive lubrication ........................................ 


Cleaning, preserving, lubricating, and welding 
materials and similar items issued by the Ord- 
natice Departmetit 1... mre rte 


Cold weather lubrication and service of combat 
and automotive equipment .............................. 


Cold weather operation—gun and turret mech- 
Cra ЕНиР 


Detailed lubrication instructions for ordnance 
Хе не ы ыкса канра н ндер obe ei ана ы рЫ 


Echelon system of таииепапсе............................ 
Hand, measuring, and power tools.......................... 
Maintenance and гераіг........................................ 
Motor transport іпѕресіопз.................................. 
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— QÜ" 54 
sss IV 55 


SNL K-1 


SNL G-104 
Vol. VI 


SNL G-104 
Vol. IX 


SNL G-104 
Vol. XI 


OPSI 


TM 10-540 


TM 9-850 


OFSB 60-11 


OFSB 6-5 


OFSB 6 series 
TM 10-525 
ТМ 10-590 
TM 10-520 
TM 10-545 
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b. Miscellaneous. 
Automotive electricity .......................................... TM 10-580 
Defense against chemical а{їасК............................ FM 21-40 
List of publications for training, including training 


films and flin strips... sese eee FM 21-6 


c. Tank Materiel. 


Medium tanks M4 апа МААІ.............................. TM 9-731A 
Medium tank M4A4A4..............1. 1. "c TM 9-754 
Ordnance maintenance, hull and turret sections 

for medium tanks М4 and modifications.......... TM 9-1731A 
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INDEX 


A Раде No. 


Adjusting gear box parts .......... 108-109 
Alinement 
differential worm wheel 
worm shaft, differential, drive worm 


wheels ... 130-139 
. 134-139 
130-131 
Allocation of maintenance, репега- 
DOE M ——— азаннан 40-42 
Ammeter readings, drive box 
testing. асада ыа ава аа 27-28 
Атрегез 
drive motor, high нава 23 
generator, excessive .......................... 21 
Angular lag 
heckling ныраў 15-17 
clu J——————" 25 
Armature tests 
grounds 52-53 
opens .. 
shorts 
139-140 
79-81 
. 157-158 
128-158 
58-63 
gyro 153 
B 
Backlash, drive motor ........................ 82 
Battery voltage, vehicle ...................... 17 
Bearing fit chart .................................. 104 
с 
Cleanliness, checking ............................ 18 
Clearance, traverse drive and turret 
НОВ OTE асаан tait siepe ны 15 
Clutch 
assemble ... 
checking ... 
description 
disassemble 
inspection .... 
install ‚ 140—144 
remove ... 123-124 
testing 140 
Clutch test jig, use of . 168 


Commander’s switch, description.. 13, 32 


Poge No. 
Commutator 
dirty, cleaning 31 
repairing 52 
Conduit, shielded 
декспрнов -.:..............!............... 32-38 
remove 111-112 


Description 
commander’s switch 
Вече TUOLOE крак 
drive pinion 
generator 
grounding 


gunner's switch 
gyro motor 
high-speed switches 
manual operation ............................ 
power operation 
principles of operation . 
silverstat control .......................... 


style no. 1231700 4 
style no. 1234375 4 
wiring diagrams 
style no. 1231700 8 
style no. 1234375 9 
Differential 
description uenerit 94-96 
install 146-150 
remove 118-119 
Disassemble: 
clutch 


drive motor .. 
gear box ... 
generator ... 
gyro 


17-18 


checking 
description ... 
inspection .... 17-18 
SOSTA МЕРЕНИ аа наза 


amperes high .... 23 
applying torque to ............................ 27 
assemble ў 

backlash, checking 82 
description, аа 68 
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D—Cont'd Page No. 
Drive motor—Cont'd 
disassemble crinis aegon 75-76 
echelon break-down of mainte- 
NANCE ыы” peas errore en ы n 69 
inspection 


after disassembly .... 

before disassembly .. 

Tac SDOD searched 27-30 
install 


on gear box 


in vehicle 
not running 
operating specifications 
remove 


from gear box 


from vehicle 


repairing 
rotates one direction 22 
IPM) ехсезпув онко она ынны 30 
трі #00 ДОМ зрении 30 
testing (removed from gear box) 27-30 
tests before installation .................. 81 
wiring diagram .................................. 81 
Drive pinion 
description 98 
install 140-144 
remove 123-124 
E 
Echelon breakdown of maintenance 
drive motor 69 


generator 
Electrical test data, table 
Electrical tests in vehicle .... 


18-19 


Equipment, special 
clutch test jig, use of 


high voltage test set, data .............. 168 
Ехсевцуе LPM. ossi torri 30 
Excessive spürk „оголена 21-22 

F 
Field coils, tests for opens and 

SHOTS Mem ————M .. 53-58 
Fits апа tolerances (gear box) .......... 128 
Front cover (gear box) 

assemble and install .................. 157-158 

GRBCTIGUION аа 89—90 

remove 


Fuses 
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Gear Бох асананс 87-159 
adjusting parts .... 108-109 
assemble .... 128-158 
bearing fit chart... serons 104 
clutch 
ЗАВЕТЕ: eorr aeos 139-140 
description » 98 
disassemble 124 
install 
remove 
testing 
description 
differential 
description. аа 94—96 
noui ————— 146-150 
remove .. 118-119 
disassemble . 110-124 


disengaging switch 


install . 158 


remove 

drive pinion 
description 
install —— 
TEONE аа езы 

front cover 
ñsšembile le er ee 


description .... 
disassemble .... 
lol) — — 


ЕТОЙ зазір 
gears and flange 
descnption: анна 
fit to housing ... 
install 


ТӨШЖӨУЕ анан нол анада 
gyro 
ӘЖЕМЕ НИНОНУН 
description 


disassembly 
install motor 


TEMOVE icon 
handwheel 
descriptiól 4. poe 87-89 
il ———— 112 
housing 
ДЕВИНО inae endende 87 
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INDEX 


G—Cont'd 
Gear box—Cont'd 
housing—Cont'd 


Poge No. 


inspection 
before disassembly ............ 107-110 
in Vélbiele ы ripa сеныааныа 18 

inspection 

after disassembly .................. 124-128 

before disassembly ................ 107-110 

in Уе ананди 18 
install 

drive motor on .............................. 82 

in vehicle 
oil, checking 18 
оі! Tevel, ——— 18 
operating specifications .......... 103-104 
remove 

drive motor from ...................... 69—70 

from vehicle .................................. 105 
repaiting Darts а 108-109 
silverstat control 

description 96-97 

install 

ТӨЛӨЙ ы goi nd aS Forti wasa 115 
wiring 

TEMOVE ЖҮ НУКТЕС. 111-112 
worm shaft (апа реагз) 

description аны 97-98 

IDEDECUOB ма 119 

install 144—146 

тетоуе 119-122 

Gear box housing 
descripto 222 nre yasa swuysessa 87 
install bearings, gears, flange.. 129-130 
measuring 130-139 
Gears and flange 

description ... 94 
install 150 


remove 
Generator 
amperes excessive 
assemble 
description 
disassemble 
inspection 
after disassembly ...................... 
before disassembly 
in shop .... 
install in vehicle 
motor rating . 
noisy 


39-67 


smokes 22 
29 
chart 64 
testing (out of vehicle) .............. 27-30 
tests before installation .............. 63-64 
too fast 20 
too slow 21 
20 
Grounding 10 
Gunner's switch, description ........ 13, 32 
Gyro motor 
assemble 
descriptions . 11-12, 96 
disassemble 115-117 
install motor ... 155 


H 
Handwheel 
angular variations ........................ 15-17 
bucks | 
description .... 
follows worm shaft 26 
ratio to turret ring gear 7 
remove 112 
High-speed switches .... , 13 
High voltage test set, procurement 
data . 168 
І 
Inspection after disassembly 
drive motor ........... 2. 78-79 
gear box 124—128 
generator 52—58 
silverstat control 
бс араб аа 119 
Inspection before disassembly 
drive motor 71-73 


generator 
Inspection in shop 
drive motor 
generator ... - 
method of testing ............... iss. 27 
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I—Cont'd Раде No 
Inspection in vehicle ........................ 15-18 
angular lag ....... 
battery voltage 
cleanliness 
clutch 
disengaging switch 
gear box .......... 
oil in gear box . 
traverse drive gear, clearance ........ 15 
turret ring gear, backlash .............. 15 
Install: 
clutch ...... . 140-144 
differential 146-150 
disengaging switch .......................... 158 
drive motor in vehicle ................ 82-86 
drive pinion ... 140-144 
front cover .... . 157-158 
gear box in vehicle .......................... 159 
gears and flange ................ 129-130, 150 
generator in vehicle ...................... 64—67 
ЕУІб MOL алслан 155 
silverstat control . . 155-157 
ЖОҒА SHERE ола д-ин нын 144-146 
L 
Lubrication, ring gear ........................ 17 
M 
Maintenance 
drive motor, echelon breakdown .... 69 
generator 
allocation ә... андыйны 40-42 
echelon 
scope 
Manual operation 
principles of .. 4-7 
starting 14 
Model specifications ............................ 4 
Motor generator (See Generator) 
Motor тайни ioci mmo 39 
Motor temperature 
CHECKING аа найы ныд. 29-30 
СКОНЕ „сыс дыларын нз ней 31 
N 
Noisy drive motor ................................ 22 
Noisy generator геноме 22 


о Раве Мо. 
Oil leaks, gear box ... 18 
Oil level, gear box ... 18 


Operating, principles of .................... 4-13 
high-speed switches 


Operating specifications 


drive motor 68 
gear box . . 103-104 
generator 40 
P 
Packing and shipment ........................ 172 
Parts, interchangeable ................ 109-110 
Power operation 
principles OF ыа 7-13 
ен А 14-15 
Purpose of: 
gyro motor ....5.. renes 11 
traverse mechanism ........................ 4 
R 
Remove 
Clutch: арени о xoci 123-124 
differential «асанна 118-119 
disengaging switch ............................ 112 
drive motor маных 69-70 
drive. PINION асанансы 123-124 
front COVER ...... u... Uu assqa 112-115 
gear box from vehicle ‚ 105 
gears and flange .................... 117 
generator from vehicle .................... 42 
gyro ТЕРКЕН 


handwheel 
shielded conduit .. 
silverstat control 


ӨЛЕР ОН 111-112 
worm: shaft о 119-122 

Repair: 
drive motor ына 78-79 
103-110 


generator ... 52-58 
Replacing gear parts .................... 108-109 
Resistors, silverstat ........................ 10-11 

amount of resistance ........................ 10 
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$ Раве Мо. Раде No. 
Shielded conduit Trouble diagnosis chart (traverse in 
deSCHDEGOH. ыа ана 32-38 БОБ) cosecha наре раа qasa 30-31 
тетоуе нон 111-112 дпуе тпоїог 
Silverstat control Грип excesialv8 ама 30 
description. eee 10, 96-97 rpm too low ................................ 30 
ШЮвресЦоп! „езана 128 generator 
install ....................................... rpm excessive ............................... 30 
remove рт too LOW: анна 30-31 
Starting ... temperature excessive ...................... 31 
Storage: wa: Trouble diagnosis chart (traverse in 
vehicle). уудай яру ауен анна 21-26 
Switches апа wiring dive motor 
commander's о КГ О yuyos amperes high 23 
ТТ ананасы noisy 22 
жаба rotates one direction .................... 22 
gunners 32 ТЕЕ E AE A 22 
generator 
T amperes high «ыны 21 
Tables ПОЗУ азы нанава 22 
bearing fit chart . 104 SMOKES) 4.005055... Rom eR RES 
electrical test data 19 spark excessive 
generator test data .......................... 64 too fast 
motor generator and drive motor too slow 
test data ... 29 handwheel 
procedure references . . . gear box bucks а 26 
PALES: cerei neris oes 108-109 follows worm shaft .... 26 
Temperature, motor traverse ; . 
checking оса ана 29-30 operatesone di eee... a 23 
кака аа ДИН МИА НИ а 31 won't operate in electric position 24 


Tests before installation 
clutch 
drive motor . 


Tools, special 5.2.55 mens 161-168 
clutch test jig, use of ........................ 168 
high-voltage test set procurement 

(ru -——— —— MIT 168 

Torque, applying to drive motor ........ 27 

Traverse 
drive gear, clearance 15 
operates one direction ... 23 


won't operate in electric position .... 24 
won't operate 4 rpm ........................ 25 
won't. operate manually .................. 26 


won't operate manually .............. 26 
turret (See Turret, below) 
Trouble shooting (See Trouble diag- 
nosis charts, above) 


Turret 
angular lag excessive 25 
coasts 24 
operates full speed with switch ...... 25 
no rotation 22 
pulsates .. 24 
speed low 23 
stops with jar 25 
won't operate 4 rpm ........................ 25 
Turret ring gear 
angular ТЕЙ! u u su a wS asss, 15-17 
ratio to handwheéel „анине 7 
Turret speed, checking ........................ 17 
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U Poge No. Раве No. 


Units prepared for storage .. . 172 Wiring charts 


Units received from storage 172 style no. 1231700 ......................... 36 
У style по. 1234375 .............................. 37 
Vehicle battery voltage ...................... 17 Wiring diagrams 
Vehicle electric tests ........................ 18-19 дуе MOL «sas ызаага рна 81 
Vibration in: style бо, 1391300 ына 8,34 
drivemotor 22 — atyle ба: 1944878 ИЕ 9,35 
@ЄЙЄГЇЁКӨГ oann aO AE 22 
Worm shaft (and gears) 
w евсгїрїНӨп. „аанынан 97-98 
Ward Leonard system ........................ 7 . | 
Wiring inspection 
description алады ЖА УРУЛ: 32-38 install a c чае ып 
gear box, removing .................. 111-112 TOI ONE soos sor EUR ERES REESE 


A.G. 062.11 (12-5-42) 
O.O. 461/29111 O.O. (1-26-43) 


Ву ORDER OF THE SECRETARY OF WAR: 


G. C. MARSHALL, 
Chief of Staff. 


Official: 
J. A. ULIO, 
Major General, 
The Adjutant General. 


Distribution: 
R 9(2); IBn 9(1); IC 9(4) 
(For explanation of symbols, see FM 21-6) 
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12 - INFORMATIONS IMPORTANTES - / Ë Ë 


Cette documentation est libre de droits car elle a été 'déclassifiée' par l'armée Атёгісаіпе ainsi que par 
l'armée Francaise. Par contre le fastidieux travail de numérisation, de айетеп е! d'assemblage appartient 

à TM-WW2, vous ne pouvez donc pas diffuser, sans notre autorisation écrite; cette documentation méme a titre 
gracieux. Veuillez nous contacter pour toutes informations à ce sujet. 4 


Ce document a été nümérisé'à partir d'un manuel original nous appartenant. 


Се manuel ne peut UNIQUEMENT ее distribué que sur la boutique Internet WWW.TM-WW2.COM ou sur 
le site de vente aux encheres EBAY® avéc.comme vendeur." TM-WW2". Toutes autres sources de distribution: Q 
sont obligatoirement illégales et relevent du piratage. 


La recherche de documentations, la numérisation, le traitement des images, le montage et la création detin- 
dexes demande un travail colossal, merci деле pas copier ou de diffuser се manuel. | [Я 


К 


Pour toutes questions techniques vous pouvez envoyer un mail à Рана wap вай 1 


w ) 


L'équipe de TM-WW2 


— F3  -IMPORTANT INFORMATIONS - = 


This documentation is free of rights because it was 'declassified' by the American army аз ме аз by the 
French army. On the other hand the boring work of digitalization, treatment and assembly belongs to-TM-WW2, 
you cannot thus diffuse, without our authorization, this document even for free. Please contact us for апу 
information on this subject. . 


This document was digitized Ғгот-ап original manual belonging to'us. 


This manual сап be distributed ONLY from the Internet shop WWW.TM-WW2.COM ог оп the web site of и E 
EBAYO with as salesman "TM-WW2". Quite other.sourcés of'sale are necessarily illegal and recover from piracy. 


The research for documentations, the digitalization, the treatment of the ђе, Ше editing and the 
creation of index ask for á colossal work; thank you thus not to copy or to diffuse this ebook. 


For any technical questions, you can send ап e-mail at support@tm-ww2.com 1. е ~ | г“ 


TMWW2 team 


